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ATYPICAL PROTEIN KINASE C ISOFORMS IN DISORDERS OF THE 
NERVOUS SYSTEM AND CANCER 

FIELD OF INVENTION 

The invention described in the present application is supported by 
Grants firom National Institute on Aging (contract number 1020171-1-006672) and 
National Institute of Health (contract number 1018109-1-21883). The government 
may have some interests in the present invention. 

The present invention relates to atypical isoforms of protein kinase C 
(aPKC) and their role in the intracellular mislocalization of gene products in nervous 
system disorders. In particular, the present invention relates to the discovery that 
aPKC isoforms arc altered in neurodegenerative disorders, such as Alzheimer's 
disease (AD) and Parkinson's disease (PD). The present invention is further 
directed to the use of aPKC in diagnosis, drug screening and treatments, including 
gene therapy, for neurological and psychiatric disorders. 

The present invention also relates to the atypical isoforms of protein 
kinase C and their role in cancer. In particular, the present invention relates to the 
discovery that the atypical PKC^ gene is commonly altered in numerous forms of 
cancer. The present invention is further directed to flie use of aPKC in diagnosis, 
treatmoit and development of treatmrats for cancer. 
BACKGROUND OF INVENTION 

Protein kinase C (PKC) consists of a heterogeneous family of 

isozymes dmved from nine genes divided into three classes: conventional, novel 

and atypical. The atypical class of isoforms (aPKC), e.g., PKC^ (PKCQJH) and 

PKCi/^, is distinguished from the conventional and novel classes by their 

insensitivity to calcium and diacylglycerol (DAG), the classical activators of PKC 

(Newton, 2003, Biochem J, 361-71), Together with the protdns ©acoded by par3 

and par6 genes, aPKC has been shown to play a critical role in cell polarity (Ohno, 

2001, Curr Opin Cell Biol, 13(5): 641-48). Recently, the par3 and par6 genes were 

also shown to play a role in the formation of neuronal axons (Shi et al., 2003, Cell, 

1 12(1): 63-75). Loss of function of any of par3, par6 and aPKC proteins can result 
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in disnq)tion of cell polarity. 

In addition, a role for aPKC in synaptic plastidty, learning and 
memory has been estabUshed (Sacktor et al.. 1993, Proc Nafl Acad Sci USA 
90:8342-46; Osten et al, 1996, Neurosci Letter 221:37-40; Drier et al, 2002, Nat 
Neurosd 5:3 16-24; Ling et al, 2002, Neurosci 5:295-96). In long-term potentiation 
(LTP), a widely studied model for memory, aPKC plays an important role in the two 
distinct temporal phases. While full-length aPKC forms are activated during the 
LTP induction phase, a bimcated form of aPKC, tenned PKM^ (i.e., PKCqi), is 
activated during the maintenance phase of LTP. PKM^ is identical to PKC^, 
except that it lades an autoinhibitory regulatory domain (Hernandez, et al., 2003, J 
Biol Caiem 278, 40305-16 and Hirai et al., 2003, Neurosd Lett 348, .151-54). 
Alfliough all of ttie PKC isoforms can theoretically have PKM forms (i.e., tiimcated 
or independent catalytic domains of PKC), the only PKM form that is consistentiy 
observed in the nonnal brain is PKM<; (Sacktor et al., 1993). Recent work has 
shown that PKM^ is both necessary and sufficient for long-terai potentiation (LTP) 
maintenance (Ling et al). Furthermore, expression of PKM^ prolongs memory in an 
odor avoidance task in Drosophila melanogaster (Drier et al). Thus, the role of 
PKM^ in memory appears conserved m widely divergent species. Consistent with 
this notion, the human form of the PKM^ mRNA has been identified (Hernandez, et 
al). 

AMidmer's disease (AD) is a neurodegenerative disorder 
characterized by progressive impairment in memory and cognitive functions, 
hnbalances in neuronal signal transduction patiiways have been impUcated in AD's 
pathogenesis (Shimohama et al., 1990, J Neural Transm Suppl 30:69-78). Several 
studies have demonstrated abnormalities of protein kinase C (PKC) function in brain 
tissue of AD patients (Cole et al., 1988, Brain Res 452:165-174; Oaik et al., 1991, 
Lab Invest 64, 35-44; Horsburgh et al., 1991, JNeurochem 56:1121-1129; MasUah 
et al., 1990, J Neurosci 10:2113-24; Masliah et al., 1991, J Neurosci 11:2759-2767; 
Saitoh et al., 1990, Adv Exp Med Biol 265:301-10; Saitoh et al., 1993, Acad Sci 
695:34-41; Shimohama et al., 1993, Neurology 43:1407-1413; Lanius et al., 1997. 
Brain Res 764:75-80; Wang et al., 1994, Neurobiol Aging 15:293-298). 

Microscopically, the two major features of AD are tiie presence of p- 
amyloid (A p) containing senile plaques (SP) and tau containing neurofibrillary 
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tangles (NFT). Amyloid angiopathy, defined as amyloid deposition in blood 
vessels, also occurs to a varying extent Other dianges include granulovacuolar 
degeneration (GVD) and Hirano body (HB) formation. 

The NFT are abnormal structures, composed mainly of paired helical 
filaments (PHFs) consisting of a hyperphosphorylated form of the microtubule- 
assodated protein tau (Buee et al., 2000, Brain Res Brain Res Rev 33, 95-130). The 
distribution of tau is largely restricted to axons, where it fianctions mainly to 
stabilize microtubules (MT) and promote MT polymerization. In NFT-containing 
neurons, however, tau-associated PHFs can be fovmd throughout Ihe cytoplasm and 
dendrites. Other components of the NFT include microtubule-assodated protein 2 
(MAP2) and ubiquitin. A "ghost tangle" is a type of NFT, where the surrounding 
neuron has completely degenerated. Ghost tangles can contain deposits of AP that 
accumulate after cell death. PHFs also exist in dystrophic neurites surrounding the 
senile plaques as well as in other neurites,"where they are tenned neurbpfl ifhreads. 

In addition to AD, at least 20 different diseases have tau-based 
neurofibrillary pathology as a feature and are collectively known as tauopathies (Lee 
et al., 2001, ^n«« Rev Neurosci 24, 1 121-59). This group includes AD, Pick's 
disease (PiD), firontotemporal dementia with Parkinsonism linked to chromosome 17 
. (FTDP-17), progressive supranuclear palsy (PSP) and corticobasal degeneration 
(CBD). Considerable heterogeneity exists between the tangles found in the various 
tauopathies. For example, NFT in AD are composed prindpally of PHFs with a 
diameter of 8-20 nm; some straight filaments are also seen in AD. hi contrast, the 
tangles of FTDP-17 are twisted and straight, but not paired and helical. 
Nevertheless, the tau protein in all these disorders is hyperphosphorylated. 

It has been argued that tau-based tangle formation is not the primary 
pathological event in AD since tangles appear in a number of other disorders. This 
apparent lack of spedfidty suggests that the NFT is a final endpoint of a number of 
pathophysiologic processes rather than an initiating event Contrary to this view, it 
has been discovered that a mutation in the tau gene itself in multiple FTDP-17 
femny lineages can lead to tau dysfimction and degeneration in the absence of Ap 

accumulation (Lee et al., 2001). 

NFT develop throu^ stages (Braak et al., 1994, Acta Neuropathol 
87, 554-67). The earUest form of NFT is the pre-NFT, where PHFs begin to form, 
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but the fiiU tangle has not yet developed. The next is the intraceUular stage, where 
the cytoplasm becomes filled with hyperphosphoiylated tau. The final stage is the 
"extracellulai" NFT, where cell death has occurred, the membrane and organelles 
cleared away, but the cytoskeletal remnants remain. The final stage is also referred 
to as "ghost" tangles. Using phosphospecific tau antibodies, it was discovered that 
the pattern of tau phosphorylation varies between these three different stages 
(Augustinack et al., 2002, Acta Neuropathol (Berl) 103, 26-35). Theoretically, if 
one knows which residues on tau are phosphorylated first, then one can have a better 
diance at identifying the kinase responsible for the tau phosphorylation. It was 
demonstrated that Tl 53, S262 and T23 1 were among the first residues in tau to 
become phosphorylated stages (Augustinack et al., 2002). 

Despite extensive research, the particular kmase that phosphorylates 
tau in AD has not been clearly identified (Buee et al., 2000). The longest tau protein 
isofonn contains 79 possible serines and threonines, wiffi phdsphorylaWon of least 
30 of them occurring in AD. Numerous kinases have been shown to phosphorylate 
tau in vitro, but leading candidate kinases have been shown to phosphorylate tau in 
vivo. These are glycogen synthase kinase 3p (GSK3P) and cyclin-dependent kmase 
5 (cdk5). Both are members of a group of proline-directed kinases that prefer 
serine/threomne residues direcfly followed by a proline. Abnormal tau from an AD 
brain contains a mixture of hypetphosphorylated serine and threonine residues with 
and without a trailmg proline, hideed, researchers have postulated multiple kinases 
phophorylating tau at difEerent sites, which can be proline directed and non-prolme 
directed protein kinases. 

The conventional PKCa isoform can phosphorylate the cytoskeletal 
protein tau. It is not the full-length form of PKCa, but the truncated PKMa form of 
the enzyme which is selectively capable of phosphorylating tau (Cressman et al., 
1995, M. FEBS Letter 367, 223-27). The only PKM isoform that is consistently 
overserved in the brain is PKM; (Naik et al., 2000, J Comp Neurol., 426(2):243-58). 

The present invention, for the first time, shows that PKM^ directly 
phosphorylates tau. For this reason, mcreases in aPKC will cause NFT formation. 
Furthermore, aPKC phosphorylates GSK3p, a kinase weU known to phosphorylate 
tau, leadmg to mactivation of GSKSP (Lavoie et al., 1999. J Biol Ckem 21 A, 28279- 
85). For this reason, decreases in aPKC activity constitute a removal of the negative 
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regulation of GSK3p activity and indirectty causes NFT foimation. The present 
invention provides that apkc and gskSb, both known regulators of cell polarity, are 
present in a complex. Alterations in the signaling or activity of these two kinases 
leads to mislocalization of gene products within the intracellular and extracellular 
compartments as well as abnormal posttranslational modifications of gene products 
and subsequent pafliology including neurological dysfunction and cancer. 

While the etiology of cancer is heterogenous, and largely depends on 
the tissue type, there is a consensus among those skUled in the art that human cancer 
cells show a markedly increased genetic mutation rate (genetic instability). The 
mutations can manifest themselves as chromosomal abnormaUties (e.g. deletions, 
insCTtions, ampUfications, mutations and rearrangements) and point mutations. The 
effects of such genomic alterations are varied; but some of these alterations are 
direct contributors to cancer development. Cancer develops throu^ stages. The 
early stages tend to be more benign, with abetter prognosis. In contiast; the later 
stages are more malignant, and tend to metastasize to a larger extent. Late stage 
cancers tend to have accumulated more chromosomal alterations. The present 
invention utilizes alterations in tiie aPKC genes and their RNA or protein products 
to diagnose, stage, treat, and develop treatments for cancer. 

One example of a chromosomal alteration associated with cancer 
development is deletion of the short arm of chromosome 1 (Ip). Chromosome Ip 
deletions have been observed in a wide variety of cancers. It has been estimated that 
over one half of soUd tumors are associated with chromosome Ip deletions. The 
current method for determining the status of chromosome Ip in tumors involves 
fluorescence in situ hybribization (FISH). While highly sensitive, FISH has 
numerous drawbacks including the fact that it is not routinely used in pafliology 
laboratories, is costly and time consuming. The present invention provides a new 
way to determine tiie status of chromosome Ip in tumors using probes to the PKC^ 
gene, such as antisera. Antisera based methods are routinely used in pathology 
laboratories, are robust and inexpensive. For this reason, PKC^ gene status is by far 
superior to FISH in detmnining cancer status. 

The PKC^ gene lies on the short arm of the first chromosome 
(lp36.33). The gene Ues a relatively short distance, about 2 milUon base pairs, away 
from the telomere. The proximity of the PKC^ gene to the telomere should 
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theotedcally make it susceptible to chromosomal deletion and rearrangement. It is 
demonstrated by the present invention that the presence or absence of aPKC in 
cancers is useful for their diagnosis and staging. 

The effect of deletion of chromosome Ip varies depending on flie 
tumor type. For example, deletion of Ip in oligodendroglioma is a fevorable 
prognostic indicator. In contrast, chromosome Ip deletion in neuroblastoma is 
considered unfavorable. As demonstrated by the present invention, one skiUed in 
the art can now determine the status of chromosome Ip using specific probes to 
PKC^. Examples of such probes include antisera, complimentary DNA or RNA 
sequences to aPKC, or PGR primers. The presence or absence of FKC^ is effective 
in determining the variety, stage or grade of the tumor. 
SUMMARY OF THE INVENTION 

The present invention demonstrates that an increase or a dea^ase in 
aPKC activity can lead to the development of patholo^cal changes in cells, leading 
to nervous system dysfunction and cancer. It is contemplated by the presented 
invention that alteration in aPKC signaling contributes to the pathogenesis of 
nervous system disorders, such as Alzheimer Disease (AD). Accordingly, the 
localization of aPKC in NFT and the fact that disruption in aPKC signaling causes 
tau phosphorylation establish that aPKC alterations participate in pathogenesis of 
nervous system disorders. The present invention thus provides aPKC as a novel 
target for rational drug design useful for modulating aPKC activity for the purpose 
of treating nervous system disorders. The present invention fiirther provides 
methods for diagnosis of nervous system disorders. 

Spedfiically, it has been discovered by the present invention that 
PKMC, a key molecule in the maintenance of long-term potentiation (LTP) and 
memory formation, e.g., in Drosophila, colocalizes with the NFT. Accordingly, 
disruption in PKM^ signaling contributes to the pathogenesis of nervous system 
disorders, such as AD. The presence of PKMC protein in the human brain is also 
demonstrated by the present invention. 

In accordance with the present invention, one aspect of the present 
invention is the identification of atypical isoforms of protein kinase C (aPKC), e.g. 
PKM^, and thar role in nervous system disorders, such as AD. 

Another aspect of the present invention provides a method for 
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diagnosing nervous system disorders, such as AD. According to the present 
invention, a method for diagnosing neurological dysfunctions or navous system 
disorders in a subject, using an aPKC specific probe, is provided. The diagnostic 
me&od of the present invention includes the stqps ot 

a- contacting a sample from the subject, e.g. a tissue biopsy, 

cerebrospinal fluid (CSF), or a blood sample, with an aPKC specific 

probe, 

b. detecting the binding of the probe to the sample to determine ttie 
amount, localization or activity of the aPKC in the sample, 

c. contacting a control sample with the aPKC specific probe, 

d. detecting the binding of the probe to the control sample, e.g. a tissue 
biopsy, CSF, or a blood sample, to determine the amount, localization 
or activity of the aPKC in the control sample, and 

e. ' comparing the am^oimt, localization or actiWo^ 

with the amount, localization or activity of the aPKC in Step d, 
whereby if the amount, localization or activity of the aPKC in Step b 
is different from the amount, localization or activity of the aPKC in 
Step d, a nervous system disorder in the subject is present. 
Still another aspect of the present invention provides methods for 
screening drugs or molecular compounds useful for modulating the amount or 
activity of the aPKC. According to the present invention, a method for screening 
molecular compounds, e.g. peptides and small molecules, using cells and aPKC 
specific probes is provided. Such method includes: 

a. providing cells wherem aPKC gene is expressed, 

b. incubating the cells with a candidate compound for a sufficient time to 
induce a change in the amount, localization or activity of aPKC in the 
cells, 

c. incubating the cells as in Step b, in the absence of the candidate 
compound, 

d. contacting the cells from Step b and Step c with an equal amount of an 
aPKC-specific probe, 

e. detecting the binding of the probe to the cells to determine the amount, 
localization or activity of the aPKC in the ceU firom Step b and Step c, 
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. and 

f, comparing the amount, localization or activity of the aPKC in the cells, 
wherein if the amount, localization or activity of the aPKC in the cells 
from Step b is different from the amoimt, localization or activity of flie 
aPKC in the cells from Step c, the candidate compound is identified as a 
compound that modulates aPKC. 

An alternate method for screwing molecular compounds for use in 
treatment of brain disorders involves the over-expression or deletion of genetic 
elements containing atypical PKC sequences in cells or animals, e.g. mice, and 
assaying said cells or animals for atypical PKC activity or levels. 

In a further aq)ect of the loesent invention, an in vitro cell-free 
method for screening drugs or molecular compounds usefiil for modulatmg the 
amount, localization or activity of the aPKC, using aPKC and a substrate, is 
provided. Such method includes; 

a. incubating an aPKC in a first container with adenosme triphosphate 
(ATP), preferably radioactively labeled ATP, a substrate of the aPKC, 
e.g. protein tau, with a candidate compound, for a sufficient time to 
induce a change in the amount or activity of the aPKC in the first 
container, 

b. incubating the aPKC in a second container with ATP, preferably 
radioactively labeled ATP, and the substrate of said aPKC, e.g. protein 
tau, for a sufficient time to induce a change in the amount or activity of 
aPKC in the second container, 

c. quantifying the amount of incorporation of the phosphate into the 
substrate in the first container and the second container, and 

d. comparing the amount of incorporation in the first container and the 
second container, whereby a differaxce in the amount of incorporation in 
the first container and tiie second container inindicates that the candidate 
compound is identified as a compound modulating aPKC amount, 
localization or activity. 

A variation of this method involves using a phospho-specific antisera 
to quantify phosphate incorporation into the substrate. 

In still a further aspect of the present invention, methods, including 
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gene thewqjy, for treating and/or preventing neurological disorders are provided. 
According to the present invention, a method for treating and/or preventing 
neurological dysfunction is provided which employs a seqiience corresponding to an 
aPKC, e.g. PKMC (or an antisense sequence of aPKC) and an exi»:ession vector. 
This method includes the steps of: 

a. inserting tiie aPKC sequence, e.g. PKM^ into the expression vector, 
and 

b. administering the vector to a subject, e.g. a patient, 
whereby the vector treats and/or prevents a neurological dysfunction. 

The methods of tiie present invention can be employed in the 
treatment and/or prevention of a variety of neurological disorders characterized by 
abnormal aPKC activity, such as phosphorjdation of protein tau and co-localization 
with NFT. Such tau-associated filamentous aggre^tes are neuropafliological 
hallmarks of Alzheimer's disease (AD), Pick's disease (PiD), progressive 
supranuclear palsy (PSP), and corticobasal degeneration (CBD), Parkinson's 

Disease ^D), for example. 

In yet a fijrther aspect of the present invention provides antibodies 
against PKM^ for detection, treatment and/or prevention of neurological disorders, 
e.g. AD. 

Thus, an object of the present invention is to detect, treat and/or 
prevent neurological disorders, such as Alzheimer's disease. 

A further aspect of the present invention provides a method for 
conshncting transgenic animals, such as a knock-out mouse lacking aPKC or a 
mouse that overexpresses the wild type or a mutant aPKC, that are useful as animal 
models of neurological dysfunction. The method includes: 

a. constructing a transgenic animal having an altered aPKC amount, 
localization or activity, e.g., by deleting an aPKC gene in the animal 
using knock-out techniques known to one skilled in the art, 

b. treating the tiansgenic animal firom Step a with a candidate tireatinent 
process, 

c. treating the transgenic animal firom Step a with a control treatinent 
process, 

d. assaying the transgenic animals from Stqps b and c for a biochemical or 
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bdiavioral diange, and 
e. comparing the results of the assay of the transg^c animals fix)m Steps b 
and Step c, wherein a difference is indicative the efficacy of the 
candidate treatment process in alleviating the neurological dysfunction. 
A variation of the method involves ovor-expression of either wild- 
type or mutated aPKC in a transgenic animal, alone or in combination with one or 
more other transgenes expressing mutations or polymorphisms in genes associated 
with neurodegeneration, e.g. superoxide dismutase, tau, p-amyloid, a-synuclein, and 

apolipopiotein E. 

Still a further aspect of the joesent invention involves the goietic 
screening of DNA for mutations or polymorphisms in the DNA sequence of the 
aPKC genes, e.g. PKC^I/n and PKCi/X, and regions regulating the expression of 
these genes including promoter regions, enhancer regions and negative regulatory 
regions. A method for such screening includes: 

a. isolating DNA from a sample of a subj ect, 

b. sequencing an aPKC gene or its regulating region of the DNA from Step 
a and, 

c. comparing the DNA sequence from Step b to a reference DNA sequence, 
wherein the reference DNA is a known normal DNA sequence of the 
same region as sequenced DNA in Step b but without any mutation, 
whereby a difference between the DNA sequence from Step b and the 
reference sequence is indicative of genetic susceptibility to a neurological 
or psychiatric disorder. 

A particular aspect of the present invention is directed to the use of a 
known aPKC interacting protein for all of the above methods. 

In a further aspect, the present invention is directed toward the 
treatment of other abnormal protein aggregates including a-synuclein seen in PD, 
multisystem atrophy (MSA) and dementia with Lewy bodies (DLB) and p-amyloid 

in AD and normal aging. 

In another aspect, the presoit invention provides methods for 
diagnosing various forms of cancer, such as neuroblastoma. According to the present 
invention, a method for diagnosing and/or staguig a tumor is provided. The 
diagnostic method of the invention includes the steps of: 
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a. contacting an aPKC specific probe, preferably a PKC^ specific probe, 
witit a tumor sample, e, g. a human biopsy sample, fix)m a subject, 

b. detecting the binding of the probe to the tumor sample to quantify the 
level, amount or activity of said aPKC in said tumor sample, 

c. contacting the aPKC specific probe with a control sample, 

d. detecting the binding of the probe to the control sample to quantify 
the level, amount or activity of the aPKC in the control sample, and 

' e. comparing the level, amount or activity of the aPKC in Step b with 
the level, amount or activity of the aPKC in Step d, wherein the 
difference of the level, amount or activity of the aPKC is indicative of 
the type and the staging of the tumor. 

Still anothCT aspect of ttie invmtion provides methods for drag 
screening for the purpose of treating and/or preventing cancer, e. g. neuroblastoma. 
According to the present invention, a method for screening molecular coinpbunds, e. 
g. peptides and small molecules, is provided. 

Yet another aspect of the present invention provides methods for 
treating cancer with gene therapy. 
TOTKF DESCRIPTION OF THE FIGURES 

Figure 1 A illustrates that PKC^ phosphorylates the cytoskeletal 

protein tau. Autoradiogram showing incorporation of radioactive phosphate into tau 

Lane 1 shows that tau, in the absence of kinase, shows little incorporation of 

phosphate. Lane 2 and 4 show that in the absence of tau, there is no 

phosphorylarion. Lane 3 decnonstrates that when tau is incubated with PKC^ 

phosphate is incorporated into tau. Lane 5 was included as a control, since GSKSp 

is well known to be able to phosphorylate tau. Figure IB illustrates that 

cotransfection of PKM^ with GSK3P into neuroblastoma cells decreases tau 

phosphorylation. Western blot on protein extracts from neuroblastoma cells (IMR- 

32) transfected with full-length human tau and the indicated constructs were probed 

with a phosphospedfic anti-tau (p396) andsera. Lane 1 shows that cotransfection of 

GSK3p results in a prominent degree of phosphorylation of tau on p396. Lane 2 

shows that cotransfection with EGFP alone does not result in an increase in 

phosphorylated tau. Lane 3 shows that transfection with an EGFP-tagged kinase 

inactive mutant of PKM^ (EGPF-PKM^-KI, K281W) also fails to result in increased 
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tau phosphorylation. Lane 4 shows that transfection of GSK3p and EGFP-tagged 
PKM^ results in less phosphorylation of tau than GSK3p alone (compare with lane 
1). Lane 5 shows that EGFP-tagged PKM^ is capable of phosphorylating tau 
(compare with lane 2 and 3) but not to the same degree as GSK3P (compare with 
lane 1). Lane 6 shows that cotransfection of EGFP-PKM^-KI with GSK3p also 
results in deoreased tau phosphorylation (compare to lane 1). 

Figure 2 illustrates that aPKC co-localizes with NFT. Using specific 
antisera to all known PKC gene products, immunohistochemistry reveals that only 
PKC^ and PKCi/X. are present in NFT. Silver stain conjBums the presence of NFT in 
this tissue, and omitting primary antisera &ils to label NFT. 

Figure 3 A illustrates a Western blot showing reactivity of aPKC 
antibodies in hippocampus, caudate nucleus, cerebellum, and superior temporal 
cortex. PKM^ was seen as a 55 kD band in all regions tested. PKCi/A, was seen as a 
72 kD band in all regions tested. Full-length PKC^ was only seen in the cerebellum. 
Figure 3B illustrates the stabiUty of aPKC in post-mortem rat brain tissue. The total 
level of aPKC was measured using quantitative Western blot with specific antisera 
to the catalytic domain of PKC^ and PKCi/^. 

Figure 4 illustrates that PKCy and PKCi/X. but not PKM^ decreases in 
the superior temporal cortex in AD. Figure 4A: Representative Western blots on 
total protein homogenates from a representative control and AD case. Figure 4B: 
Histogram showing mean and standard deviation. * indicates statistical significance. 

Figure 5 illustrates that PKCi/A, but not PKM^ or PKCy increase in 
the caudate nucleus in AD. Figure 5A: Representative Westem blots on total protein 
homogenates from a representative control and AD case. Figure 5B: Histogram 
showing mean and standard deviation. * indicates statistical significance. 

Figure 6 illxistrates localization of aPKC in human cerebral 
parahippocampal cortex. ^-Cl (Figure 6B). No primary antibody control (Figure 
6A). aPKC staining can be seen in perikarya and proximal dendrites. No neuronal 
nuclear staining was observed. Scale bar ==100 pm. 

Figure 7 illustrates localization of aPKC in human astrocytes. 
Astrocytes stained strongly with antiPKCx/A. in the cerebral cortex (Figure 7A). ^- 
Cl reacted with astrocytes in CA-4 of the hippocampus (Figure 7B). Scale bar = 
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200|mi. Inset shows higji powra: of an astrocyte. Scale bar = 25 pm. 

Figure 8 illustrates localization of aPKC in ependymalglia. ^-Cl 
reacted with ependymal glia (Figure 8B). No primary antibody control (Figure 8A). 
bar= 100 jim. 

Figure 9 tUustrates that aPKC colocalizes with neuropil threads and 
dystrophic neurites. Figure 9A: hnmunohistochemical stain using z-C2 of paraffin 
embedded hippocan^)al cortex from case of AD. Figure 9B: Silver stain from a non- 
adjacent section. Large arrows indicate SP; small arrows indicate neuropil threads, 
bar = 100 pm. 

Figure 10 illustrates that aPKC colocalizes with Hirano bodies (HB) 
in area CA 1 of Ihe hippocampus. Arrows indicate HB can be serai as a brightly 
eosmophiUc rod-hke structure when stained with hematoxylin and eosin (H&E, 
Figure lOA). HB can be seen with all of the aPKC antibodies, ^-Cl (Figure lOD), 
Q-C2 (Figure lOB) and \JX (Figure IOC), bar = 100 pm. 

Figure 1 1 illustrates PKM^ distribution correlates with unique brain- 
specific C, RNA. Figure 1 1 A: Reverse-transcription polymerase chain reaction (RT- 
PCR) using specific primers reveal that PKM^ mRNA is abundant only in brain; 
PKC^ mRNA is abundant in many other tissues. Figure 1 IB: RNase protection 
reveals levels of PKMC mRNA and PKC^ mRNA in different tissues. Figure 1 IC: 
Northern blot to quantify levels of PKM^ mRNA and PKCC ndRNA in different 
tissues. 

Figure 12 illustrates that treatment of dissociated primary 
hippocampal neuronal cultures with high potassium results in increased levels of 
PKM^ (greoi) reletive to MAP2 (red). Figure 12A: Control culhire untreated has 
low levels of PKM^ Figure 12B: Stimulation with high potassium.results m an 

increase in PKM^. 

Figure 13 depicts a Western blot showing the lack of repression of 
PKCCI/n in neuroblastoma cells (IMR-32 cell Une). Lane 1 shows that a rat brain 
lysate when probed witii an anti-PKCi/1 antiserum displays a band at about 72 kD. 
Lysates of IMR-32 cells (lane 2) and pheochromocytoma cells (lane 3), when probed 
with specific anti-PKCi/X, antisera also show PKCi/1. hi contrast, when IMR32 and 
PC12 cells are probed with a specific anti-PKC^I/n antiserum, IMR32 cells have no 

13 



wo 2004/041212 



PCT/US2003/035231 



bands (lane 6), but PC12 cells show multiple bands (lane 7). When IMR-32 cells 
were transfected with PKC^II a doublet of two bands was detected for PKCgi at 
around 80 kDa (lane 5). In contrast, lysates of IMR-32 cells transfected with EGFP 
alone did not contain a band when probed with anti-PKC^ (lane 4). 

Figure 14 depicts association of PKCi/A, with tauopathies and a- 
synuclemopathies. The PKCi/X antibody weakly labeled cytoplasm of 
unremarkable hippocampal neurons and neuropil in a control case (Fig. 14a), while 
strongly labeling NFTs (Fig. 14b) and Hirano bodies (Fig. 14c) in an AD case. The 
antibody also labeled Pick bodies (Fig. 14d) and Pick cells in PiD; globose tangles 
(Fig. 14e) and tufted glial cells (Fig. 14f) in PSP; and ballooned neurons (Fig. 14g) 
and astrocytes (Fig. 14h) in CBD. In a-synucleinopathies, the antibody strongly 
labeled classic Lewy bodies in pigmented substantia nigra neurons (Fig. 14i) and 
Lewy bodies in amygdala (Fig. 14j) and cortex in PD and DLB. In MSA, glial 
inclusions were also immunoreactive (Fig. 14k). Omission of the primary antibody 
yielded no staining of any inclusions such as these nigral Lewy bodies (arrow) (Fig. 
141). 

nF.TATT.TCn TIESCRIPTION OF THK INVENTION 

The present invention is directed to the atypical isofonns of protein 
kinase C (aPKC) and their participation in intracellular localization and 
mislocalization of celMar components, particularly in human diseases, e.g. 
Alzheimer's disease (AD) and cancer. 

By "Activity" is meant the ability of an enzyme to act as a catalyst to 
induce chemical changes in othCT substances, including the ability to transfer 
phosphate to substrate molecules as well as to aggregate molecules. "Activity of 
aPKC" or "aPKC activity" used herein includes, for example, inhibition of aPKC, 
co-localization of aPKC witii neurofibrillary tangles (NFT) or Hirano body (HB) and 
phosphorylation of protem tau by aPKC. "Activity'' used herein can be also referred 
to the level, amount or localization of the enzyme. 

By "control" is meant a normal subject or unchanged chemical, or a 
subject or a chemical in its normal state. "Control" can also be refered to as a 
chemical with known properties, for example, in the case of a "positive control." 
Thus, a "control" can be referred to as comparison to a reference range which is the 
normal value. 
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The PKC gene femily consists of at least 10 distinct isofonns with 
diverse cellular functions (Newton, 2003). Although all of the PKC isofonns can 
theoretically have truncated PKM forms, the only PKM form that is consistently 
observed in the brain is PKM^ , an atypical member of the PKC family (aPKC) 
(Sacktor et al). Specifically, it has been discovered by the inventors that PKM^, a 
key molecule in the maintenance of long-term potentiation (LTP) and mraiory 
formation in Z)ro5o;7Ma,colocalizes with the NFT. Accordingly, disruption in 
PKM^ signaling may contribute to the pathogenesis of neurological disorders, such 
as AD. 

By "disraption in PKM^ signaling" is meant increases or deoreases in 
the level, location or activity of the kinase or its effectors, substrates and associated 
molecules. 

"Modulating*' or "modulate" used herein also include inhibiting or 
inhibit and activating or activate. 

According to the present invention, alteration in aPKC fimction can 
lead to hyperphosphorylation of the cytoskeletal protein tau, see Figure 1. Also in 
accordance with the present invention, aPKC colocalizes with the NFT, see Figure 2. 

Phosphorylation of tau at sites clustered around the MT binding 
regions inhibits tau binding to MT. Indeed, the tau found in AD brain and NFT is 
hyperphosphorylated at many sites not normally phosphorylated in adult human 
brain. The present invention recognizes that phosphorylation of tau causes its 
dissociation fix)m MTs and buildup in the cytoplasm, which in turn could lead to the 
formation of tau aggregates and ultimately NFT. 

In accordance with the present invention, the localization of aPKC to 
the NFT and the ability of aPKC to phosphorylate tau confirm fliat aPKC is altered 
in nervous system disorders, such as AD. Accordingly, co-localization of aPKC, 
especially PKMC, with NFT strongly suggests aPKC is mvolved in tau 
phosphorylation. Accordingly, the present invention employs the activity of aPKC, 
especially PKM^, and provides compositions and methods that are useful for 
diagnosis, dmg screening and treatment of neurological disorders, such as AD. 

*Tsychological disorder" refers to a diseases of the mind in the 

context of human and animal behavior. **Neurological disorder" refers to diseases of 
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the nervous system. **Neurodegrairative disorder" refers to diseases characterized by 
progressive degeneration of neuft>ns in the nervous system. 

Accordingly, the present invention can be employed in detection, 
diagnosis, treatment, prevention or prognosis of nervous system disorders that 
include, but are not limited to. Acquired Epilq)tifonn Aphasia, Acute Disseminated 
Encephalomyelitis, Adrenoleukodystrophy, Agenesis of die corpus callosum, 
A^osia, Aicardi syndrome, Alexander disease, Alpers' disease. Alternating 
hemiplegia, Alzheimer's disease. Amyotrophic lateral sclerosis,AnCTicephaly, 
Angehnan syndrome. Angiomatosis, Anoxia, Aphasia, Apraxia, Arachnoid Cysts, 
Arachnoiditis, Amold-Chiari malformation, Arteriovoious malformation. Asperger 
syndrome. Ataxia Telangiectasia, Attention Deficit Hyperactivity Disorder, Autism, 
Autonomic Dysfunction, Back Pain, Battrai disease, Behcet's disease. Bell's palsy. 
Benign Essaitial Blepharospasm, Benign Focal Amyotrophy, Benign Intracranial 
Hypertension, Binswanger's disease. Blepharospasm, Bloch-Sulzberger syndrome. 
Brachial plexus injury. Brain abscess. Brain injury, Braia tumor, Spinal tumor, 
Brown-Sequard syndrome, Canavan disease. Carpal tumel syndrome.Causalgia, 
Central pain syndrome. Central pontine myelinolysis. Cephalic disordear. Cerebral 
aneurysm. Cerebral arteriosclerosis. Cerebral atrophy. Cerebral gigantism. Cerebral 
palsy, Charcot-Marie-Tooth disease, Chiari malformation. Chorea, Chronic 
inflammatory demyelinating polyneuropathy (CIDP). Chronic pain. Chronic regional 
pain syndrome, CofGn Lowry syndrome. Coma, including Persistrait Vegetative 
State, Con^nital fecial diplegia, Corticobasal degeneration. Cranial arteritis, 
Craniosynostosis, Creutzfeldt-Jakob disease. Cumulative trauma disorders, Cushing's 
syndrome. Cytomegalic inclusion body disease (CffiD), Cytomegalovirus Infection, 
Dancing eyes-dancing feet syndrome, Dandy-Walker syndrome, Dawson disease, De 
Morsier's syndrome, Dejerine-iaumpke palsy, Demaitia, Dermatomyositis, Diabetic 
neuropathy. Diffuse sclerosis, Dysautonomia, Dysgraphia, Dyslexia, Dystonias, Early 
infantile epileptic enc^halopatiiy. Empty sella syndrome. Encephalitis, 
Enc^haloceles, Encephalotrigeminal angiomatosis. Epilepsy. Erb's palsy. Essential 
tremor, Fabry's disease. Fahr's syndrome. Fainting, Familial spastic paralysis, Febrile 
seizures. Fisher syndrome, Friedreich's ataxia, Gaucher's disease, Gerstmann's 
syndrome. Giant cell arteritis, Giant cell inclusion disease. Globoid cell 
Leukodystrophy, Guillain-Barre syndrome, HTLV-1 associated myelopathy, 
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Hallervorden-Spatz disease. Head injuiy, Headadie, Hemifacial Spasm. Hereditary 
Spastic Paraplegia, Heredopathia atactica polyneuiitifoimis, Hapes zoster oticus. 
Heipes zoster, Hirayama syndrome, Holoprosencephaly, Huntington's disease, 
Hydranencephaly, Hydrocephalus, HypercortisoUsm, Hypoxia, Immune-Mediated 
encephalomyelitis. Inclusion body myositis. Incontinentia pigmenti, Infentile 
phytanic acid storage disease, hifantile Refeum disease. Infantile spasms, 
Inflammatory myopathy. Intracranial cyst. Intracranial hypertension, Joubert 
syndrome, Keams-Sayre syndrome. Kennedy disease, Kinsboume syndrome, Klippel 
Feil syndrome. Krabbe disease, Kugelberg-Welander disease, Kuru, Lafora disease, 
Lambert-Eaton myasflienic syndrome, Landau-Kleffiier syndrome. Lateral medullary 
(Wallenberg) syndrome. Learning disabilities. Ldgh's disease. Lennox-Gastaut 
syndrome, Lesdi-Nj^an syndrome. Leukodystrophy, Lewy body dementia, 
Lissencephaly, Locked-In syndrome, Lou Gehrig's diseaseJLumbar disc disease. 
Lyme disease - Neurological Sequelae. Machado^Joseph diseaise. Macrehcephaly, 
Megalencephaly, Melkersson-Rosenthal syndrome, Menieres disease. Meningitis, 
Menkes disease. Metachromatic leukodystrophy, Microcephaly, Migraine, Miller 
Fisher syndrome, Mini-Stirokes, Mitochondrial Myopathies, Mobius syndrome, 
Monomelic amyotrophy. Motor Neurone Disease, Moyamoya disease. 
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal motor neuropatiiy, 
Multiple sclerosis, Multiple system atrophy with postural hypotension, Muscular 
dystrophy. Myasthenia gravis, Myelinoclastic diffuse sclerosis, Myoclonic 
encephalopatiiy of in&nts, Myoclonus, Myopathy, Myotonia congenita. 
Narcolepsy, Neurofibromatosis, Neuroleptic malignant syndrome. Neurological 
manifestations of AIDS, Neurological sequelae of lupus, Neurological Sequelae of 
Lyme disease, Neuromyotonia, Neuronal ceroid lipofusdnosis. Neuronal 
migration disorders, Niemann-Pick disease, O'Sullivan-McLeod syndrome. 
Occipital Neuralgia, Occult Spinal Dysraphism Sequence, Ohtahara syndrome. 
Olivopontocerebellar Atirophy, Opsoclonus Myoclonus, Optic neuritis. Orthostatic 
Hypotension, Overuse syndrome. Pain - Chronic, Paresthesia, Parkinson's disease. 
Paramyotonia Congenita, Paraneoplastic diseases, Paroxismal attacks. Parry 
Romberg syndrome, PeUzaeus-Merzbacher disease. Periodic Paralyses, Peripheral 
Neuropathy, Persistent Vegetative State, Pervasive Developmental Disorders, 
Photic sneeze reflex. Phytanic Acid Storage disease. Pick's disease, Pinched 
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Nerve, Pituitary Tumors, Polymyositis, Porencephaly, Post-Polio syndrome. 
Postherpetic Neuralgia, Postinfectioiis Encephalomyelitis, Postural Hypotension, 
Prader-Willi syndrome, Primary Lateral Sclerosis, Prion diseases. Progressive 
Hemifacial Atrophy, Progressive multifocal leukoencephalopathy, Progressive 
Sclerosing Poliodystrophy, Progressive Supranuclear Palsy, Pseudotumor cerebri, 
Ramsay-Hunt syndrome, Ramsay Hunt syndrome Type I, Ramsay Hunt syndrome 
Typell, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy syndrome, 
Refsum disease - Infantile, Refeum disease. Repetitive Motion Disorders, 
Repetitive Stress Injuries, Restless Legs syndrome, Retrovirus-Assodated 
Myelopathy, Rett syndrome, Reye's syndrome. Saint Vitus Dance, Sandhoff 
disease, Schilder^s disease, Schizencephaly, Septo-Optic Dysplasia, Shaken Baby 
syndrome. Shingles, Shy-Drager syndrome, Sjogren's syndrome. Sleep Apnea, 
Soto's syndrome, Spasticity, Spina bifida. Spinal Cord injury, Spinal Cord 
ISjmors, Spinal Muscular Atrophy, StiffFrarsoii sj^drbme,' Sturge-Weber 
syndrome, Subacute Sclerosing Panencephalitis, Subcortical ArtCTiosclerotic 
Encephalopathy, Sydenham Chorea, Syncope, Syringomyelia, Tardive 
Dyskinesia, Tay-Sachs disease. Temporal arteritis, Tethered Spinal Cord 
syndrome, Thomsen disease. Thoracic Outlet syndrome. Tic Douloureux, Todd's 
Paralysis, Tourette syndrome, Transient ischemic attack. Transmissible 
Spongiform Encephalopathies, Transverse myelitis, Traumatic Brain injury. 
Tremor, Trigeminal Neuralgia, Tropical Spastic Paraparesis, Tuberous Sclerosis, 
Vasculitis including Temporal Arteritis, Von Hippel-Lindau Disease (VHL), 
Wallenberg's syndrome, Werdnig-Hoflanan disease. West syndrome, Whiplash, 
Williams syndrome, Wilson's disease, Zellweger syndrome* 

The present invention can also be employed in detection, diagnosis, 
treatment, prevention or prognosis of tauopathies (i.e., disorders involving protein 
tau based pathology), such as, Agmg, Alzheimer's disease (familial, sporadic). 
Amyotrophic lateral sclerosis/Parkinsonism dementia complex of Guam, 
Argjrophilic grain disease, British type amyloid angiopathy, Corticobasal 
degeneration. Dementia pugilistica/autism with self-injury behaviour, Down's 
syndrome, Frontotemporal Dementia with Parkinsonism linked to chromosome 17 
(FTDP-17), Gerstmaim-Straussler-Scheinker disease, Hallenvorden-Spatz disease. 
Inclusion body myositis. Multisystem atophy, Myotonic dystrophy, Niemaim-Pick 
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disease type C, Parkinson with demmtia of Guadeloiqpe, Pick's disease. Presenile 
dementia with tangles and calcifications. Prion protein cerebral amyloid 
angiopathy. Progressive supranuclear palsy, Post-encephalitic parkinsonism. 
Subacute sclerosing panencephalitis. Tangle only dementia. 

It is also encompassed by the present invaition for detection, 
diagnosis, treatment, prevention or prognosis of psychiatric disorders including 
Academic Problem, Acculturation Problem, Acute Stress Disorder, Adjustment 
Disorder Unspecified, Adjustment Disorder With Anxiety, Adjustment Disorder 
With Depressed Mood, Adjustment Disorder With Disturbance of Conduct, 
Adjustment Disorder With Mixed Anxiety and Depressed Mood, Adjustment 
Disorder With Mixed Disturbance of Emotions and Conduct, Adult Antisocial 
Behavior, Adverse Effects of Medication NOS, Age-Related Cognitive Decline, 
Agoraphobia Without History of Panic Disorder, Alcohol Abuse, Alcohol 
Dependence, Alcohollntoxication, Alcohollntoxication Delirium, Alcohol 
Withdrawal, Alcohol Withdrawal Delirium, Alcohol-Induced Anxiety Disorder, 
Alcohol-Induced Mood Disorder, Alcohol-Induced Persisting Amnestic Disorder, 
Alcohol-Induced Persisting Dementia, Alcohol-Induced Psychotic Disorder, With 
Delusions, Alcohol-Induced Psychotic Disorder, With Hallucinations, Alcohol- 
Induced Sexual Dysfimction, Alcohol-Induced Sleep Disorder, Alcohol-Related 
Disorder NOS, Amnestic Disorder, Amnestic Disorder NOS, Amphetamine 
Abuse, Amphetamine Dependence, Amphetamine Intoxication, Amphetamine 
Intoxication DeUrium, Amphetamine Withdrawal, Amphetamine-Induced Anxiety 
Disorder, Amphetamine-Induced Mood Disorder, Amphetamine-Induced Psychotic 
Disorder, With Delusions, Amphetamine-Induced Psychotic Disorder, With 
Hallucinations, Amphetamine-Induced Sexual Dysfunction, Amphetamine-Induced 
Sleep Disorder, Amphetamine-Related Disorder NOS, Anorexia Nervosa, 
Antisocial Personality Disorder, Anxiety Disorder, Anxiety Disorder NOS, 
Asperger's Disorder, Attention-Deficit/Hyperactivity Disorder NOS, Attention- 
Deficit/Hyperactivity Disorder, Combined Type, Attention-Defidt/Hyperactivity 
Disorder, Predominantiy Hyperactive-Impulsive Type, Attention- 
Defidt/Hyperactivity Disorder, Predominantiy Inattentive Type, Autistic Disorder, 
Avoidant Personality Disorder, Bereavement, Bipolar Disordw NOS, Bipolar I 
Disorder, Most Recent Episode Depressed, In Full RCTiission, Bipolar I Disorder, 
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Most Receat Episode Depressed, In Partial Remission, Bipolar I Disorder, Most 
Recent Episode Depressed, Mild, Bipolar I Disorder, Most Recent Episode 
Depressed, Moderate, Bipolar I Disorder, Most Recent Episode D^ressed, 
Severe With Psychotic Features, Bipolar I Disorder, Most Recent Episode 
Depressed, Severe Without Psychotic Features, Bipolar I Disorder, Most Recent 
Episode Depressed, Unspecified, Bipolar I Disorder, Most Recent Episode 
Hypomanic, Bipolar I Disorder, Most Recent Episode Manic, In Full Remission, 
Bipolar I Disorder, Most Recent Episode Manic, In Partial Remission, Bipolar I 
Disorder, Most Recent Episode Manic, Mild, Bipolar I Disorder, Most Recent 
Episode Manic, Moderate, Bipolar I Disorder, Most Recent Episode Manic, 
Severe With Psychotic Features, Bipolar I Disorder, Most Recent Episode Manic, 
Severe Wifliout Psychotic Features, Bipolar I Disorder, Most Recent Episode 
Manic, Unspecified, Bipolar I Disorder, Most Recent Episode Mixed, In Full 
Remission, Bipolar I Disorder, Most Recent iEpisode Mixed j In Partial 
Remission, Bipolar I Disorder, Most Recent Episode Mixed, Mild, Bipolar I 
Disorder, Most Recent Episode Mixed, Moderate, Bipolar I Disorder, Most 
Recent Episode Mixed, Severe With Psychotic Features, Bipolar I Disorder, Most 
Recent Episode Mixed, Severe Without Psychotic Features, Bipolar I Disorder, 
Most Recent Episode Mixed, Unspecified, Bipolar I Disorder, Most Recent 
Episode Unspecified, Bipolar I Disorder, Single Manic Episode, In Full 
Remission, Bipolar I Disorder, Single Manic Episode, In Partial Remission, 
Bipolar I Disorder, Single Manic Episode, Mild, Bipolar I Disorder, Single 
Manic Episode, Moderate, Bipolar I Disorder, Single Manic Episode, Severe 
With Psychotic Features, Bipolar I Disorder, Single Manic Episode, Severe 
Without Psychotic Features, Bipolar I Disorder, Single Manic Episode, 
Unspecified, Bipolar n Disorder, Body Dysmorphic Disorder, Borderline 
Intellectual Fxmctioning, Borderline Personality Disorder, Breathing-Related Sleep 
Disorder, Brief Psychotic Disorder, Bulimia Nervosa, Caffeme Intoxication, 
Caffeine-Induced Anxiety Disorder, Caffeine-hiduced Sleep Disorder, Caffeine- 
Related Disorder NOS, Cannabis Abuse, Cannabis Dependence, Cannabis 
Intoxication, Cannabis Intoxication Delirium, Cannabis-Induced Anxiety Disorder, 
Cannabis-Induced Psychotic Disorder, With Delusions, Cannabis-Induced 
Psychotic Disorder, With Hallucinations, Cannabis-Related Disorder NOS, 
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Catatonic Disorder, C3iildor Adolescent Antisocial Behavior, Childhood 
Disintegrative Disorder, Chronic Motor or Vocal Tic Disorder, Circadian Rhyfbm 
Sleep Disord^, Cocaine Abuse, Cocaine Dependence, Cocaine Litoxication, 
Cocaine Mtoxication Delirium, Cocaiae Withdrawal, Cocaine-Induced Anxiety 
Disorder, Cocaine-Induced Mood Disorder, Cocaine-Induced Psychotic Disorder, 
With Delusions, Cocaine-Induced Psychotic Disorder, With Hallucinations, 
Cocaine-Induced Sexual Dysfunction, Cocaine-Induced Sleep Disorder, Cocaine- 
Related Disorder NOS, Cognitive Disorder NOS, Conamunication Disorder NOS, 
Conduct Disorder, Conversion Disorder, Cyclothymic Disorder, Delirium Due 
to[Indicate the General Medical Condition], Delirium NOS, Delusional Disorder, 
Dementia Due to Creutzfeldt-Jakob Disease, Dementia Due to Head Trauma, 
Dementia Due to HIV Disease, Dementia Due to Huntington's Disease, Dementia 
Due to Parkinson's Disease, Dementia Due to Pick's Disease, Dementia Due 
to[Indicate the General Medical Condition], Dementia NOS, Dementia of the 
Aldieimer's Type, With Early Onset, Uncomplicated, Dementia of the 
Alzheimer's Type, With Early Onset, With Delirium, Dementia of the 
Alzheimer's Type, With Early Onset, With Delusions, Dementia of the 
Alzheimer's Type, With Early Onset, With Depressed Mood, Dementia of the 
Alzheimer's Type, With Late Onset, Uncomplicated, Dementia of the 
Alzheimer's Type, With Late Onset, With Deliriimi, Dementia of the Alzheimer's 
Type, With Late Onset, Wilh Delusions, Dementia of the Alzheimer's Type, 
With Late Onset, With Depressed Mood, Dependent Personality Disorder, 
Depersonalization Disorder, Depressive Disorder NOS, Developmental 
Coordination Disorder, Diagnosis Deferred on Axis II, Diagnosis or Condition 
Deferred on Axis I, Disorder of Infency, Childhood, or Adolescence NOS, 
Disorder of Written Expression, Disruptive Behavior Disorder NOS, Dissociative 
Amnesia, Dissociative Disorder NOS, Dissociative Fugue, Dissociative Identity 
Disorder, Dyspareunia (Not Due to a General Medical Condition), Dyssomnia 
NOS, Dysthymic Disorder, Eating Disorder NOS, Encopresis, With Constipation 
and Overflow Incontinence, Encopresis, Without Constipation and Overflow 
Incontinence, Enuresis (Not Due to a General Medical Condition), Exhibitionism, 
Expressive Language Disorder, Factitious Disorder NOS, Factitious Disorder With 
Combined Psychological and Physical Signs and Symptoms, Factitious Disorder 
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Wifli Predominantly Physical Signs and Symptoms, Factitious Disorder Wifli 
Predominantly Psychological Signs and Symptoms, Feeding Disorder of Lifency or 
Early Childhood, Female Dysparemiia, Female Hypoactive Sexual Desire Disorder, 
Female Orgasmic Disorder, Franale Sexual Arousal Disorder, Fetishism, 
Frotteurism, Gender Identity Disorder in Adolescents or Adults, Gender Identity 
Disorder in Children, Gender Identity Disorder NOS, Generalized Anxiety 
Disorder, Halludnogai Abuse, Hallucinogen Dependence, Hallucinogen 
^toxication, Halludnogai Intoxication Delirium, Hallucinogen Persisting 
Perception Disorder, Halludnogen-Induced Anxiety Disorder, Halludnogen- 
hiduced Mood Disorder, Halludnogen-Induced Psychotic Disordrar, Wifb. 
Delusions, Hallucinogen-Induced Psydiotic Disorder, With Hallucinations, 
Halludnogen-Related Disorder NOS, Histrionic Personality Disorder, 
Hypersomnia, Hypoactive Sexual Desire Disorder, Hypodiondriasis, Identity 
Problem, Impulse-Control Disorder NOS, Inlialant Abuse, Idulmit DqpeSclence, 
Inhalant Intoxication, Inhalant Intoxication Delirium, Inhalant-Induced Anxiety 
Disorder, Inhalant-Induced Mood Disorder, Inhalant-Induced Persisting Dementia, 
Inhalant-Induced Psychotic Disorder, With Delusions, Inhalant-Induced Psychotic 
Disorder, With Hallucinations, Inhalant-Related Disorder NOS, Insomnia, 
Intennittent Explosive Disorder, Kleptomania, Leammg Disorder NOS, Major 
Dq?ressive Disorder, Recurrent, In Full Remission, Major Depressive Disorder, 
Recurrent, In Partial Renoissiori, Major Depressive Disorder, Recurrait, Mild, 
Major Depressive Disorder, Recurrent, Moderate, Major Depressive Disorder, 
Recurrent, Severe With Psychotic Features, Major Depressive Disorder, 
Recurrent, Severe Without Psychotic Features, Major Depressive Disorder, 
Recurrent, Unspecified, Major D^essive Disorder, Single Episode, hi Full 
Remission, Major Depressive Disorder, Single Episode, In Partial Ranission, 
Major Depressive Disorder, Single Episode, Mild, Major Depressive Disorder, 
Single Episode, Moderate, Major Depressive Disorder, Single Episode, Severe 
With Psychotic Features, Major Depressive Disorder, Single Episode, Sevrae 
■ Without Psychotic Features, Major Depressive Disorder, Single Episode, 

Unspecified, Male Dyspareunia, Male Erectile Disorder, Male Hypoactive Sexual 
Desire Disorder, Male Orgasmic Disorder, Malingering, Mathematics Disorder, 
Medication-Induced Movement Disorder NOS, Medication-Induced Postural 
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Tremor, Mental Disorder NOS, Mental Retardation, Severity Unspecified, Mild 
Mental Retardation, Mixed Receptive-Expressive Language Disorder, Moderate 
Mental Retardation, Mood Disorder, Mood Disorder NOS, Narcissistic Personality 
Disorder, Narcolepsy, Neglect of Child, Neglect of Child (if focus of attention is 
on victim), Neuroleptic Malignant Syndrome, Neuroleptic-Induced Acute 
Akathisia, Neuroleptic-Induced Acute Dystonia, Neuroleptic-Induced 
Parkinsonism, Neuroleptic-Induced Tardive Dyskinesia, Nicotine Dependence, 
Nicotine Withdrawal, Nicotine-Related Disorder NOS, Nightmare Disorder, No 
Diagnosis on Axis EL, No Diagnosis or Condition on Axis I, Noncompliance With 
Treatment, Obsessive-Compulsive Disorder, Obsessive-Compulsive Personality 
Disorder, Occupational Problem, Opioid Abuse, Opioid Dependence, Opioid 
Intoxication, Opioid Intoxication Delirium, Opioid Withdrawal, Opioid-Induced 
Mood Disorder, Opioid-Induced Psychotic Disorder, With Delusions, Opioid- 
Induced Psychotic Disorder, With Hallucinations, Opioid-Induced Sexual 
Dysfunction, Opioid-Induced Sleep Disorder, Opioid-Related Disorder NOS, 
Oppositional Defiant Disorder, Other (or Unknown) Substance Abuse, Other (or 
Unknown) Substance Dependence, Other (or Unknown) Substance Intoxication, 
Other (or Unknown) Substance Withdrawal, Other (or Unknown) Substance- 
Induced Anxiety Disorder, Other (or Unknown) Substance-Induced Delirium, 
Other (or Unknown) Substance-Induced Mood Disorder, Otiier (or Unknown) 
Substance-Induced Persisting Amnestic Disorder, Other (or Unknown) Substance- 
Induced Persisting Dementia, Other (or Unknown) Substance-Induced Psychotic 
Disorder, With Delusions, Other (or Unknown) Substance-Induced Psychotic 
Disorder, With Hallucinations, Other (or Unknown) Substance-Induced Sexual 
Dysfimction, Other (or Unknown) Substance-Induced Sleep Disorder, Other (or 
Unknown) Substance-Related Disorder NOS, Other Female Sexual Dysfimction, 
Other Male Sexual Dysfimction, Pain Disorder Associated With Both Psychological 
Factors and a General Medical Condition, Pain Disorder Associated With 
Psychological Factors, Panic Disorder With Agoraphobia, Panic Disorder Without 
Agoraphobia, Paranoid Personality Disorder, Paraphilia NOS, ParasomniaNOS, 
Parent-Child Relational Problem, Partner Relational Problem, Pathological 
Gambling, Pedophilia, Personality Change, Personality Disorder NOS, Pervasive 
Developmental Disorder NOS, Phase of Life ProblCTi, Phencyclidine Abuse, 
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Phencyclidine Dependence, Phencyclidine Intoxication, Phencyclidine Intoxication 
Delirium, Phencyclidine-Induced Anxiety Disorder, Phencyclidine-Induced Mood 
Disorder, Phencyclidine-Induced Psychotic Disorder, Witii Delusions, 
Phencyclidine-Induced Psychotic Disorder, With Hallucinations, Phencyclidine- 
Related Disorder NOS, Phonological Disorder, Physical Abuse of Adult, Physical 
Abuse of Adiilt (if focus of attention is on victim). Physical Abuse of CMd, 
Physical Abuse of Child (if focus of attention is on victim). Pica, Polysubstance 
Dependmce, Posttraumatic Stress Disorder, Premature Ejaculation, Primary 
Hypensomnia, Primary Insomnia, Profound Mental Retardation, Psychotic 
Disorder, With Delusions, Psychotic Disorder, With Hallucinations, Psychotic 
Disorder NOS, Pyromania, Reactive Attachment Disorda: of Infancy or Early 
Childhood, Reading Disorder, R.elational Problem NOS, Relational Problem 
Related to a Mental Disorder or General Medical Condition, Religious or Spiritual 
Problem, Rett's Disorder, Rumination Disorder, Schizoaffective Disoider, 
Schizoid PersonaUty Disorder, Schizophrenia, Catatonic Type, Schizophrenia, 
Disorganized Type, Schizophrenia, Paranoid Type, Schizophrenia, Residual 
Type, Schizophrenia, Undifferentiated Type, Schizophreniform Disorder, 
Schizotypal Personality Disorder, Sedative, Hypnotic, or Anxiolytic Abuse, 
Sedative, Hypnotic, or Anxiolytic Dependence, Sedative, Hypnotic, or 
Anxiolytic Intoxication, Sedative, Hypnotic, or Anxiolytic Intoxication Delirium, 
Sedative, Hypnotic, or Anxiolytic Withdrawal, Sedative, Hypnotic, or 
Anxiolytic Withdrawal DeUrium, Sedative-, Hypnotic-, or Anxiolytic-Induced 
Anxiety Disorder, Sedativf-, Hypnotic-, or Anxiolytic-Induced Mood Disorder, 
Sedative-, Hypnotic-, or Anxiolytic-Induced Persisting Amnestic Disorder, 
Sedative-, Hypnotic-, or Anxiolytic-Induced Persisting Dementia, Sedative-, 
Hypnotic-, or Anxiolytic-Induced Psychotic Disorder, With Delusions, Sedative-, 
Hypnotic-, or Anxiolytic-Liduced Psychotic Disorder, With Hallucinations, 
Sedative-, Hypnotic-, or Anxiolytic-Liduced Sexual Dysfunction, Sedative-, 
Hypnotic-, or Anxiolytic-Induced Sleep Disorder, Sedative-, Hypnotic-, or 
Anxiolytic-Related Disorder NOS, Selective Mutism, Separation Anxiety Disorder, 
Severe Mental Retardation, Sexual Abuse of Adult, Sexual Abuse of Adult (if 
focus of attention is on victim). Sexual Abuse of Child, Sexual Abuse of Child (if 
focus of attention is on victim). Sexual Aversion Disorder, Sexual Disorder NOS, 
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Sexual Dysfunction NOS, Sexual Masochism, Sexual Sadism, Shared Psychotic 
Disorder, Sibling Relational Problem, Sleep Disorder, Hypersomnia Type, 
Insomnia Type, Mixed Type, Parasomnia Type, Sleep Terror Disorder, 
Sleepwalking Disorder, Social Phobia, Somatization Disorder, Somatoform 
Disorder NOS, Specific Phobia, Stereotypic Movement Disorder, Stuttering, Tic 
Disorder NOS, Tourette's Disorder, Transient Tic Disorder, Transvestic Fetishism, 
Trichotillomania, Undifferentiated Somatoform Disorder, Unspecified Mental 
Disorder (nonpsychotic), Vagmismus (Not Due to a General Medical Condition), 
Vascular Dementia, Uncomplicated, Vascular Dementia, With Delirium, 
Vascular Dementia, With Delusions, Vascular Dementia, With Depressed Mood, 
Voyeurism. 

"Label," •labeled" or "detectable labeled" refers to incorporation of a 
detectable marker, for example by incorporation of a radioactively labeled 
compound or attachment to a polypeptide of moieties such as biotin that can be 
detected by the binding of a section moiety, such as marked avidin. Various 
methods of labeling polypeptide, nucleic acids, carbohydrates, and other biological 
or organic molecules are known in the art. Such labels can have a variety of 
readouts, such as radioactivity, fluorescence, color, chemilununescence or other 
readouts known in the art or later developed. The readouts can be based on 
enzymatic activity, such as beta-galactosidase, beta-lactamase, horseradish 

3 < ^ 12S 

peroxidase, alkaline phosphatase, luciferase; radioisotopes such as H, C, S, I 
or fluorescent proteins, such as green fluorescent proteins (GFP); or other 
fluorescent labels, such as FITC, rhodamine, and lanthanides. Where appropriate, 
these labels can be the product of the expression of reporter genes, as that term is 
mderstood in the art. Examples of reporter genes are beta-lactamase (U.S. Pat. No. 
5,741,657 to Tsien et al., issued April 21, 1998) and green fluorescent protein (U.S. 
Pat No. 5,777,079 to Tsien et al., issued July 7, 1998; U.S. Pat No. 5,804,387 to 
Cormack et al., issued Septraiber 8, 1998). 

A "test chemical" or "test compound" or "candidate compound" 

refers to a chemical, composition or extract to be tested by at least one method of the 

present invention to be a putative modulator. A test chemical can be of any 

chemical composition, such as inorganic, organic or a biomolecule. A biomolecule 

can be any molecule of biological origin that is found in or produced at least in part 
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by a cell, and include, but are not lunited to polypeptides, nucleic adds, lipids, 
carbohydrates or combinations thereof. A test chemical is usually not known to bind 
to the target of interest "Indentifying a compound" or "screening a drug" used 
herein refers to a process to determine the putative modulating or therapeutic 
function of a candidate compound. 

"Control test chemical" or "control compound" refers to a chmiical 
known to bind to the target (for example, a known agonist, antagonist, partial 
agonist or inverse agonist). Test chemical does not typically include a chemical 
added to a mixture as a control condition that alters the function of the target to 
determine signal specificity in an assay. Such control chemicals or conditions 
include chemicals that (1) non-specifically or substantially disrupt protein stracture 
(for example denaturing agents such as urea or guandium, sullQiydryl reagents such 
as dithiotritol and beta-mercaptoethanol), (2) generally inhibit cell metabolism (for , 
example mitochondrial uncouples) and (3) non-specifically disrupt electrostatic or 
hydrophobic interactions of a protein (for example, high salt concentrations or 
detergents at concentrations sufficient to non-specifically disrapt hydrophobic or 
electrostatic interactions). The term •'test chemical" or "candidate compound" also 
does not typically include chemicals known to be unsuitable for a therapeutic use for 
a particular indication due to toxicity of the subject. Usually, various predetermined 
concentrations of test chemicals are used for determining their activity. /If the 
molecular weight of a test chemical is known, the following ranges of concentrations 
can be used: between about 0.001 micromolar and about 10 millimolar, preferably 
between about 0.01 micromolar and about 1 millimolar, more preferably between 
about 0, 1 micromolar and about 100 micromolar. When extracts are uses a test 
chemicals, the concentration of test chemical used can be expressed on a weight to 
volume basis. Under these circumstances, the following ranges of concentrations can 
be used: between about 0.001 micrograms/ml and about 1 milligram/ml, preferably 
between about 0.01 micrograms/ntil and about 100 micrograms/ml, and more 
preferably between about 0.1 micrograms/nd and about 10 miarograms/ml. 

**Macromolecule" refers to a molecule with a molecular mass greater 
than a one thousand daltons, such as a protein, nucleic acid, or polysaccharide. 

"Treating" or "treatment" as used herein means to ameliorate, 
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suppress, mitigate or eliminate the clinical symptoms after the onset (i.e., clinical 
manifestation) of a disease state, such as an AD, including, but not limited to 
inhibiting neuronal degeneration or neuronal death, promoting or stimulating 
neuronal growth such that the symptoms of the disease condition are prevented or 
alleviated. Such treatment can include chemicals, such as chemotherapeutic ag«its 
or test compounds and/or non-chemical treatment, such as electrical pules (such as 
electroinnovation), magnetic fields or radiation (such as radiation therapy) (see, for 
example, Buonanno et al.. Nucleic Acids Res. 20:539-544 (1992)). An effective or 
successful treatment provides a clinically observable improvement 

By "candidate treatment process" is meant administration of a 
candidate compound to a subject, or modification of environment, diet, behavior of 
the subject. By "control treatment process" is meant that the nature status or state of 
a subject being maintained without any treating or modification, or a treatmCTt 
process having known references or properties is performed. 

By **preventf '^preventing*' or '^prevention* is meant that chances of 
regaining and/or worsening and/or progression of the symptoms of a neurological 
diseases, such as, for example, AD, are lowered, reduced or elicninated after the 
symptoms are ameliorated, suppressed, mitigated or elinwnated by the treatment 

A "specific binding member" refers to a member of a group of two or 
more moieties that can specifically bind with each other rather than becoming non- 
specifically associated with each otha:, such as by precipitation. Examples of 
specific binding members include, but are not limited to, antigen-antibody, receptor- 
ligand and nucleic acid-nucleic acid pairs. 

"Specific," "specifically," "specifically bind" or a "specific binding^' 
in the context of ttie binding of first specific binding member wifli at least one other 
specific binding member refers to binding that is preferential and not non-specific. 
Preferably, a specific binding reaction is unique for flie specific binding members, 
but that need not be the case. 

"Detectably bind" or "detectable binding" refers to the specific 
binding of one specific binding member with at least one other spedfic binding 
member that can be detected. For example, one specific binding member can be 
detectably labeled such that the detectable presence of the label indicates a specific 
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binding event The detection limits of such detectable binding are related to the 
detectable label used and the detection method or device used. 

An "antibody" refers to an immunoglobulin of any class or subclass, 
a portion thereof or an active fragment thereof, wherein an active fragment of an 
antibody retains its specific binding capability. An antibody can be a polyclonal 
antibody, a monoclonal antibody or a mixture thereof. 

By **probe" is meant a substance, preferably a biomolecule, such as a 
fragment of DNA sequence or an antibody, which is labeled or otherwise marked 
and used to detect or identify another substance in a sample. An example of a probe 
can be a biomolecule that is labeled witii radioactive isotopes or with a fluorescent 
marker that selectively binds to a specific gene so it can be isolated or identified or a 
strand of nucleic acid which can be labeled and used to hybridize to a 

complementary molecule from a mixture of olher nucleic acids. The term **probe^' 

used herein can be also referred to a single-stranded nucleic acid molecule with a 
known nucleotide sequence which is labeled in some way (for example, 
radioactively, fluorescenfly, or immunologically) and used to find and mark certain 
DNA or RNA sequences of interest to a researcher by hybridizing to it. A specific 
example of the probe used in the present invention is anti-aPKC antiserum. 

A "specific probe** such as used in "aPKC specifc probe" is refered to 
any probe that specifically binds to aPKC gene or gene product(s). Preferably, such 
specific binding is a detectable binding. 

A "tissue" refers to a collection of cells as known in the art. A 
"culture" of cells is a collection of cells as known in the art and can be a clonal 
population of ceUs or a mixed population of cells. A "tumor tissue" is a collection of 
cells that includes at least one cell derived fix)m at least one tumor. 

A "tissue extract" refers to a preparation that is derived from at least 
one source of tissue that has been treated such that the tissue and/or at least one 
cellular component of the cells in tiie tissue is no longer in its natural state or 
environment. For example, a tissue extract can be made by rupturing tissue using 
methods known in the art. 

A "sample" includes any physical sample that includes a cell or a cell 

extract from a cell, a tissue, a biopsy sample, a tissue extract, for example. A sample 
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can be fiom a biological source such as a subject or ammal or a portion thereof, or 
from a cell culture. Samples from a biological source can be from a normal or 
abnormal organism (such as an organism suffering fiom a condition or disease state, 
such as a neoplasm) or portion fliereof and can be fixrai any fluid, tissue or organ, 
including healthy or abnormal (such as diseased or neoplastic) fluids, tissues or 
organs. Samples from a subject or animal can be used in the present invention as 
obtained from the subject or animal, processed such as by sectioning, aspiration such 
as for bone marrow specimens or cultured such that cells from the sample can be 
sustained in vitro as a primary or continuous cell culture or cell line. For example, a 
sample in the present invention can be a tissue biopsy, cerebrospinal fluid (CSF), or 
a body flirid, such as blood, sample. In particular, a 'tumor sample'' is a sample that 
includes at least one cell derived from at least one tumor. 

'TDiagnosing*' or "diagnosis" refers to the determination of whether a 
subject comprises a disease or condition, such as a nervous system disorder or 
cancer. *T>iagnosing" also refers to distinguishing one cancer from another. 

By '*prognosing" or '^prognosis" is meant the determination or 
prediction of the course of a disease or condition, such as cancer. The course of a 
disease or condition can be prognosed, for example, based on life expectancy or 
quality of life. Prognosing includes the determination of the time course of a disease 
or condition, with or without a treatment or treatments. In the instance where 
treatment(s) are contemplated, the prognosing includes prognosing the efficacy of a 
treatment for a disease or condition, such as cancer, or prognosing a malignancy. 

A "control sample" refers to a sample that acts as a positive or 
negative control as they are known in the art and as appropriate for a particular 
assay. A control can be performed contemporaneously with an assay or be 
performed at a prior or later time. The results of an assay can be compared to a 
control to determine the vahdity of the assay. Controls can also be used to produce 
standard curves such fliat the results of an assay can be semi-quantitative or 
quantitative in nature. A reference range, i.e., a known range of normal values, can 
also be used as a control. 

By **reference DNA" or "reference DNA sequence" is meant a DNA 
sequence, where its sequence is known and normal, i.e., without any mutation, and 

29 



wo 2004/041212 



PCT/US2003/035231 



where it encompasses the same region in the genome of a species as a DNA 
molecule to be compared, assayed or analyzed. 

By '^promoter*' or •^promoter region" is meant a nucleic acid sequence 
that controls expression of a coding sequence or a gene of interest. By "control 
expresion" is meant controlling production of RNA (e.g., noGRNA or non-coding 
transcripts) by providing the recognition site for RNA polymerase and/or other 
factors necessary for starting transcription at tiie correct site. A promoter or 
promoter region usually resides upstream (5*) of a coding sequence. As 
contemplated by the present invration, a promoter or promoter region can include 
variations of promoters derived by means of ligation to various regulatory 
sequences, random or controlled mutagenesis, and addition or duplication of 
enhancer sequences. 

By **transgene" is meant any nucleic acid sequmce non-native to a 
cell or an organism into which the nucleic acid sequence is transformed. 
'Transgene'^ also encompasses the component parts of a native gene of an organism 
modified by insertion of a non-native nucleic acid sequence by directed 
recombination. 

The present invention is directed to the identification of the amount, 
localization and activity of atypical isoforms of protein kinase C (aPKC), e.g. 
PKM^, and their role in disorders of the nervous system, such as Alzheimer's 
disease (AD). 

Accordingly, one embodiment of the present invaition is directed to 
diagnosis of AD. According to the present invention, a method for diagnosing 
neurological dysfunctions or nervous system disorders in a subject, using an aPKC 
specific probe, is provided. The diagnostic method of the present invention includes 
the steps of: 

a. contacting a sample from the subject, e.g. a tissue biopsy, 
cerebrospinal fluid (CSF), or a blood sample, with an aPKC 
specific probe, 

b. detecting the binding of the probe to tiiie sample to detennine the 
amount, localization or activity of the aPKC in the sample, 

c. contacting a control sample with flie aPKC specific probe, 
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d. detecting the binding of the probe to the control sample, e.g. a 
tissue biopsy, CSF, or a blood sample, to determine the amoimt, 
localization or activity of the aPKC in the control sample, and 

e. comparing the amount, localization or activity of the aPKC in 
Step b with the amount, localization or activity of the aPKC in 
Step d, whereby if the amount, localization or activity of the 
aPKC in Step b is different from the amount, localization or 
activity of the aPKC in Step d, a nervous system disorder in the 
subject is present 

In accordance with the present invention, using probes to aPKC 
isoforms in the form of antibodies or nucleic acid, one can detect changes of aPKC 
in tissues from a subject through conventional techniques (Maniatis et al., J. 
Molecular Clonings a laboratory manual, 1987; Ausubel, F.M., Current Protocols in 
Molecular Biology^ 1987), and Ihereby ascertain whether an individual has a 
nexirological disease, such as AD, or is likely to develop one. These probes can be 
used on postmortem autopsy tissue, brain biopsy tissue or any other tissue, tissue 
extract or body fluid (e.g., blood). In accordance with the present invention, a 
preferred probe is the antisense probe described in Example 1 1 . Also in accordance 
with the present invention, using gene analysis for mutations in the aPKCs, one can 
detect changes of aPKC in tissues from a subject through conventional techniques 
(Ausubel, F.M., Current Protocols in Molecular Biology^ 1987), and thereby 
ascertain whether an individual has a neurological disease or is likely to develop 
one. 

Thus, it is an object of the present invention to detect neurological 
disorders, such as AD, at an early stage in order to treat and/or prevent the disorder. 

Another embodiment of the present invention is directed to a method 
for screening drugs or molecular compounds useftil for modulating the amount or 
activity of the aPKC. According to tiie present invention, a method for screening 
molecular compounds, e.g. peptides and small molecules, using cells and aPKC * 
specific probes is provided. Such method includes: 

a. providing cells wherein aPKC gene is expressed, 

b. incubating the cells with a candidate compound for a sufEicient 

time to induce a change in the amount, localization or activity of 
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aPKC in the cells, 

c. incubating fho cells as in Step b, in the absence of the candidate 
compoxind, 

d. contacting the cells from Step b and Step c with an equal amount 
of an aPKC-specific probe, 

e. detecting the binding of the probe to the cells to determine the 
amount, localization or activity of the aPKC in the cell from Step 
b and Step c, and 

£ comparing the amount, localization or activity of the aPKC in the 
cells, wherein if the amount, localization or activity of the aPKC 
in the cells from Step b is difT^ent from the amount, localization 
or activity of the aPKC in the cells from Step c, the candidate 
compound is identified as a compound that modulates aPKC. 
An altemate method for screening molecular compounds for use in 
treatment of brain disorders involves the over-expression or deletion of genetic 
elements containing atypical PKC sequences in cells or animals, e.g. mice, and 
assaying said cells or animals for atypical PKC activity or levels. 

In accordance with present invention, the aPKC isoforms are used as 
rational targets for drug design for the purpose of treating and/or preventing AD and 
other neurological disorders. There are numerous methods currently available for 
testing the ability of drugs to influence the activity of proteins (Enna, S. J., Current 
Protocols in Pharmacology, 1998). The present invention is directed to the 
discovery that aPKC plays a key role in neurological disease and that changes in 
aPKC can be used to screen for usefiil drugs. 

According to the present invention, a preferred compoimd is 
chelerythrine chloride (a PKC inhibitor), the zeta-inhibitory peptide (ZIP), or a 
selective aPKC inhibitor. An example of ZIP is myristoylated PKC^ 
pseudosubstrate peptide, i.e., Myr-SIYRRGARRWRKLY (SEQ ID NO: 10). See, 
Standaert et al., 1999, J. Biol. Chem. 274(20): 14074-78. 

According to the present mvention, drugs that modulate aPKC can be 

screened by employing methodologies and related reagents that are known to the 

persons skilled in the art. Three such conventional methodologies have been 

developed, in both in vivo and in vitro systems. The first is a kinase assay using 
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recombinant expressed PKM^ in a baculovirus system. The second is a cell culture 
system using immunofluorescence. The third is using recombinant aPKC 
transfected into cultured cells. See, Ausubel, F.M., Current Protocols in Molecular 
Biology, 1987. 

In accordance with the present invention, an aPKC, including PKM^, 
contains a non-conventional ATP binding site motif GXGXXA (SEQ ID NO: 8), 
wherein G is amino acid glycine, X is any amino acid. This special characteristic of 
aPKC makes it less likely that dmgs targeting these molecules will have harmful 
side effects comparing to other kinases or other PKC isoforms, which have ATP 
bindmg site hallmark motif GXGXXG (SEQ ID NO: 9). 

In a particular embodiment of the present invention, an in vitro cell- 
free method for screening drugs or molecular compounds useful for modulating the 

. amount, lo calization or activity of the aPKC,, using aPKC and a substrate, is _ 

provided. Such method includes: 

a. incubating an aPKC in a fibrst container with adenosine 
triphosphate (ATP), preferably radioactively labeled ATP, a 
substrate of the aPKC, e.g. protein tau, with a candidate 
compound, for a sufficient time to induce a change in the amount 
or activity of the aPKC in said first containner, 

b. incubating the aPKC in a second container with ATP, preferably 
radioactively labeled ATP, and the substrate of said aPKC, e.g. 
protein tau, for a sufficient time to induce a change in the amount 
or activity of aPKC in said second container, 

c. quantifying the amount of incorporation of the phosphate into the 
substrate in the first container and the second container, and 

d. comparing the amount of incorporation in the first container and 
the second container, whereby a difference in the amoimt of 
incorporation in the first container and the second container is 
indicative that the candidate compound is identified as a 
compoimd modulating aPKC amount, localization or activity. 

A variation of ihis method uivolves using a phospho-spedfic antisera to quantify 
phosphate incorporation into the substrate. 
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Still another embodiment of the present invmtion is directed to a 
method, including gene th^apy, for treating and/or preventing neurological 
disorders. According to the present invention, a method for treating and/or 
preventing neurological dysfunction is provided which employs a sequence 
corresponding to an aPKC, e.g. PKM^ (or an antisense sequence of aPKC) and an 
expression vector. This method includes the steps of: 

a. inserting the aPKC sequence, e.g. PKM^, into the expression 
vector, and 

b. administering tiie vector to a subject, e.g. a patient, 
whereby the vector treats and/or prevents a neurological dysfunction. 

The methods of the present invention can be employed in the 
treatment and/or prevention of a variety of neurological disorders characterized by 
abnormal aPKC activity, such as phosphorylation of protein tau and co-localization 
witihi NIT. Such tiau-associated filamentous aggregates are rieiiropathologicai 
halhnarks of Alzheimer's disease (AD), Pick's disease (PiD), progressive 
supranuclear palsy (PSP), and corticobasal degeneration (CBD), Parkinson's 
Disease (PD), for example. 

According to the present invention, aPKC function is altered in AD 
and other neurological disorders. Thus, in accordance with the present invention, 
aPKC and mutated forms, e.g. inactivated form of kiaase, can be introduced to treat 
and/or prevent AD and other neurological disorders. Using gene therapy, the aPKC 
cDNA, preferably PKM^ cDNA, sequences or the mutated aPKC sequences, can be 
introduced to treat these diseases. 

Such sequences are preferably provided in an expression vector. 

Expression vectors for use in the present methods include any appropriate gene 

therapy vectors, such as nonviral (e.g., plasmid vectors), retroviral, adenoviral, 

herpes simplex viral, adeno-associated viral, polio viruses and vaccinia vectors. 

Examples of retroviral vectors include, but are not limited to, Moloney murine 

leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuS V), murine 

mammary tumor virus (MxiMTV), and Rous Sarcoma Virus (RSV)-derived 

recombinant vectors. Multiple teachings of gene therapy are available to those 

skilled in the art (Anderson, W. F., Science, 288: 627-629, 20001; Anderson, W. F., 

Science, 226: 401-409, 1984; Anderson, W. F., Science, 256: 808-813, 1993; 
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Friedmann, T., Science^ 244: 1275-1281, 1989). Preferred vectors include 
neurotropic vectors such as h^es simplex viral vectors (U.S. Patent No. 5,673,344 
to Kelly et al.) and adenoviral vectors (Barkats et al.. Prog NeurobioU 55: 333-341, 
1998). 

In a further embodiment, present inv^tion provides antibodies 
against PKM^ for detection, treatment and/or prevention of neurological disorders, 
e.g. AD. 

The present invention further provides antibodies against PKM^ for 
detection^ treatment and/or prevention of neurological disorders, e.g. AD. Those 
skilled in the art can xise any of the well-known techniques and commercially 
available resources to generate such monoclonal or polyclonal antibodies (Harlow et 
al.. Using Antibodies: A Laboratory Manual, 1999). Once an antibody is obtained, 
such antibody can be tested in assays to determine whether such antibody -exhibits 
specific activity. 

A still further embodiment of the present invention provides a 
method for constructing transgenic animals, such as a knock-out mouse lacking 
aPKC or a mouse that ov^expresses the wild type or a mutant aPKC, that are useful 
as animal models of neurological dysfunction. The method includes: 

a. constructing a transgenic animal having an altered aPKC amoxmt, 
localization or activity, e.g., by deleting an aPKC gene in the 
animal using knock-out techniques known to one skilled in the 
art, 

b. treating the transgenic atiimal firom Step a with a candidate 
treatment process, 

c. treating the transgenic animal fix)m Step a with a control 
treatment process, 

d. assaying the transgenic animals fix>m Steps b and c for a 
biochemical or behavioral change, and 

e. comparing the results of the assay of the transgenic animals from 
Steps b and Step c, wherein a difference is indicative the efficacy 
of the candidate treatment process in alleviating the neurological 
dysfunction. 
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A variation of the mefhod involves over-expression of either wild- 
type or tautated aPKC in a transgenic animal, alone or in combination with one or 
more other transgenes expressing mutations or polymorphisms in genes associated 
with neurodegeneiation, e.g. superoxide dismutase, tau, p-amyloid, a-synuclein, and 
apolipoprotein E. 

A yet further embodiment of the present invention is directed to the 
genetic screening of DNA for mutations or polymorphisms in the DNA sequence of 
the aPKC genes, e.g. PKC^l/H and PKCi/X, and regions regulating tiie expression of 
these genes including promoter regions, enhancer regions and negative regulatory 
regions. A method for such screening includes: 

a. isolating DNA from a sample of a subject, 

b. sequencing an aPKC gene or its regulating region of the DNA 
from Step a and, 

c. comparing the DNA sequence from Step b to a reference DNA 
sequence, wherein the reference DNA is a known normal DNA 
sequence of the same region as sequenced DNA in Step b but 
without any mutation, whereby a difference between the DNA 
sequence from Step b and the refermce sequence is indicative of 
genetic suscq)tibility to a neurological or psychiatric disorder. 

A particular embodiment of the present invention is directed to the 
use of a known aPKC interacting protem for all of the above methods. 

The present invention is also directed toward the diagnosis and 
treatmrat of other abnormal protein aggregates including a-synuclein seen in PD, 
multisystem atrophy (MSA) and dementia with Lewy bodies (DLB) and p-amyloid 
in AD and normal aging. 

According to the present invention, abnormal aggregation of aPKC 
protein, such as PKCiA (one of the two members of aPKC) protein, can cause 
neurodegenerative disorders. It is a discovery of the present invention that 
PKCt/A, protein distribute in a variety of tauopathies and a-synucleinopathies. 
Specifically, using immunocj^ochemistry, the present invention demonstrates that 
an anti-PKCi/A, antibody can label tau-positive structures in Alzheuner's disease 
(AD), progressive supranuclear palsy (PSP), corticobasal degeneration (CBD) and 
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Pick's disease (PiD); a-syniicldn-positive Lewy bodies in idiopathic Paikinson's 
disease and dementia with Lewy bodies, and glial inclusions in multi-system 
atrophy, aB-crystalline-containing ballooned neurons in CBD and PiD; and actin- 
rich Hirano bodies in AD, PiD and elderly individuals. See Example 12. 

Still another emobidment of the present invention {oovides methods 
for diagnosing various forms of cancer, such as neuroblastoma, oligodendroglioma, 
meningioma, lymphoma (myeloma), leukemia (including acute myelocytic leukemia 
(AML)), melanoma, squamous cell carcinoma, hepatocellular carcinoma, 
parathyroid tumors, pheochromocytoma, paraganglioma, intravascular 
lymphomatosis, breast cancer, liver cancer, lung cancer, prostate cancer, bladder 
cancer, ovarian cancer, endometrial cancer, head and neck cancer and 
gastrointestinal cancers including colorectal cancer and pancreatic cancer. 
According to the present invention, a method for diagnosing and/or staging a tumor 
is provid^. The diagnostic method of the inveiitibn include the steps of: 

a. contacting a tumor sample, e. g. a human biopsy sample, from a 
subject, with an aPKC specific probe, preferably a PKC^ specific 
probe, 

b. detecting the binding of the probe to the tiimor sample to quantify 
the level, amount or activity of said aPKC in said tumor sample, 

c. contacting a control sample with the aPKC specific probe, 

d. detecting the binding of the probe to the control sample to 
quantify the level, amount or activity of the aPKC in Ihe control 
sample, and 

e. comparing the level, amount or activity of the aPKC in Step b 
with the level, amount or activity of the aPKC in Step d, wherein 
the dififarence of the level, amount or activity of the aPKC is 
indicative of the type and the staging of the tumor. 

Another embodiment of the invention provides methods for drug 
screening for the piarpose of treating and/or preventing cancer, e. g. neuroblastoma. 
According to the present invention, a method for screening molecular compounds, e. 
g. peptides and small molecules, is provided. 

Still another embodiment of the invention provides methods for . 
treating cancer with gene thorapy. 
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According to the present invention, the Aerapeutic compositions 
provided herein, such as expression vectors or antibodies, can be administ^ed to the 
subject being treated by standard routes, including, but not limited to, the oral, 
ophthalmic, nasal, topical, transdermal, parenteral (e.g., intravenous, intraperitoneal, 
intradermal, subcutaneous or intramuscular), intracranial, intracerebral, intraspinal, 
intravaginal, intrauterine, or rectal route. Depending on the condition being treated, 
one route may be preferred over others, which can be determined by those skilled in 
the art. For example, the topical or dermal route can be chosen when the target area 
includes tissues or organs readily accessible by topical application, such as 
neurological conditions of the eye or the facial tissue. For certain conditions, direct 
injection or surgical implantation in the proximity of the damaged tissues or cells is 
preferred in order to avoid the problems presented by the blood-brain barrier. 
Successful delivery to the central nervous system (CNS) by direct injection or 
imjplantation has been documented (Otto et al., J Neurosd Res, 22: 83-91, 1989; 
Goodman et al., Goodman & Gilman's the Pharmacological Basis of Therapeutics, 
2001; WilUams et al., Proc Nati Acad Sci USA, 83: 9231-35, 1986). 

According to the preset invention, the therapeutic ingredients are 
preferably administered to tiie subject in need thereof as early as possible, e.g., after 
the neuronal injury or neuronal death caused by NFT, or any other nervous system 
disorder or cancer occurs, in order to achieve the best therapeutic efticacy. The 
amount administered varies among patients and by route administered but should be 
sufficient enough to achieve a concentration to treat or prevent the disease or 
disorder or is sufficient to maintain said aPKC activity at a normal level. By 
**normal level" is meant that the level a biomolecule or compound functions or . 
occurrs in a natural way; lacks observable or scientifically detectable abnormalities 
or deficiencies. For example, normal level aPKC in a human body or an organ or 
tissue thereof is from about 0.005% to about 0.05% of total protein in the htiman 
body or an organ or tissue thereof preferably, the organ is a human brain. In a 
particular CTabodiment of the present invention, ZIP or cheleryfhrine can be 
administered between about 100 nM and about 10 of in a desired tissue. 

The present invention is further illustrated by the following non- 
limiting example. This example is included to demonstrate preferred embodiments 

of the invention. It should be appreciated by those of skill in the art that the 
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techniques disclosed in the example represents techniques discovered by the 
inventors to function well in the practice of the invention. However, those of skill in 
the art should, in light of the present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and still obtain a like or 
similar result without departing firom the spirit and scope of the invmtion, therefore 
all matter set forth or shown in the accompanying drawings is to be interpreted as 
illustrative and not in a limiting sense. All references cited herein are hereby 
expressly incorporated-herein by ref^ence. 
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Example 1 
ProduGtion of PKC isozyme antisera 
Peptides used as immimogCTS were synthesized by Quality 
Controlled Biochemicals (Hopkinton, MA) and corresponded to the amino-tenninal 
(C-Nl, TDPKMDRSGGRVRLKC, SEQ ID NO: 1), catalytic-domain (^-C2, 
TLPPFQPQITDDYGLC, SEQ ID NO: 2) or carboxyl-tenninal (^-Cl, 
EYINPLLLSAEESV, SEQ ID NO: 3) of PKC^. In addition, a terminal cysteine 
residue was added to each of the sequences for coupling purposes. The peptides 
, were coupled to maleimide-activated bovine serum albumin (BSA, Pierce, 
Rockford, IL), according to the manufacturer's instructions. Peptide conjugates 
were mixed with Titermax (CytRx Corp., Norcross, GA) and injected 
intramuscularly into female New Zealand rabbits, one to three weeks of age. After 
three boosts at four-week intervals, the antisera were affinity-purified on Sulpholink 
gel columns (Pierce, Rockford, IL), to which the inmiunizing peptide had been 
conjugated according to the manufacturers instructions. The antiserum to i/X is a 
mouse monoclonal antibody prepared against the i/X catalytic domain (Transduction 
Laboratories, Lexington, KY). 
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Example! 
Western blot of AD brain 

Fresh frozen tissue from autopsy brain tissue derived from 4 
neuropatiiologicaUy confirmed cases of AD and 3 controls from individuals without 
neurological disease were homogenized in buffer containing protease inhibitors (50 
mM HEPES, pH 7.5, 5 mM EDTA, 5 mM EGTA, 5 mM 2-mercaptoeflianol, 0.1 
mM phenyhnethylsulfonyl fluoride, aprotinin (17 kaUikrein units/ml), 5 mM 
benzamidine, 0.1 mM leupeptin) and phosphatase inhibitors (50 mM NaF, 40 mM p- 
glycerol phosphate, 10 mM pyrophosphate). Protein concentration was measured by 
Pierce assay. Sample buffer was added and samples boiled for 10 min. 15 jig of 
total protein was subjected to SDS-PAGE, transferred to nitrocellulose, and probed 
witii specific anti-PKC^ and anti-PKCt/X, antibodies, and visualized by enhanced 
dienuluminescence (Amersham Biosciences, Frdburg, Germany). 
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Example 3 
Pathological stains 
Eight micron sections were cut from parafGn embedded tissue. All 
tissue was deparaffinized and rehydrated prior to use. For hematoxylin and eosin 
staining, sections were incubated in Gills hematoxylin for 5 minutes, rinsed in water, 
two changes, then dipped in bluing solution ten times and rinsed again. Next, 
sections were incubated in eosin Y for 4 minutes, dehydrated and coversliped. For 
Sevier-Munger silver staining, slides were incubated in 60 °C silver nitrate solution 
(20%) for 15 min. Slides were rinsed and placed in a clean dry staining jar. Slides 
w^e then developed in anomoniacal silver solution for S to 30 minutes. Sections 
were then rinsed 3 changes of water and incubated in S% sodium thiosulfate for 2 
minutes. Last, slides were washed with water, dehydrated, and cover-slipped. 
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Example 4 
Antigen retrieval 

For antigen retrieval, deparafBnized and rehydrated slides ware 
submerged in 10 mM cdtrate buffer (pH 6.0) and miCTOwaved for 5 minutes. Slides 
were then transferred to a second container with heated distilled water and allowed 
to cool. Slides were then rinsed in PBS for 5 minutes. Some slides were treated 
with formic acid for 3 minutes prior to citrate treatment. 
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Exano^Ie 5 
Immunoliistocheinical staining 

Slides were treated witti 3% hydrogen peroxide for 10 minutes, rinsed 
in PBS for 5 minutes, and blocked in 4% normal horse serum for 20 minutes. Tissue 
was thCTi incubated in primary antibody in a huxnidity chamber overnight on a 
rotator plate. The following day, slides were rinsed in two changes of PBS for 10 
minutes each and incubated in biotinylated secondary (1 :200) for 30 min. Slides 
were then rinsed again in two changes of PBS for 5 minutes each then incubated in 
R.T.U. ABC reagent (Vector Laboratories) for 30 minutes, and rinsed again in two 
changes of PBS for S minutes each. Tissue was then developed in DAB solution, 
rinsed in tap water and counterstained with hematoxylin, dehydrated and 
coverslipped. 
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Example 6 
PKM^ protein is present in hmnan brain 

Western blot on homogenates of human brain samples were 
conducted to confinn antisera specificity and document PKM^ protein in humans 
(Fig. 3). Fresh firozen tissue was obtained from the Rush Alzheimer's Disease 
Center (Chicago, Illinois) (Table 1). The average PMI for the AD (4.75 h) and 
control (4.00 h) cases was the same. The average age for the AD (69.5 yr) cases was 
less than controls (86.7 yr). The diagnosis was confirmed pathologically for all 
patients. 



Table 1 : Summary of patient data (Western blot) 


Case 


PMI (hours) 


Age 


Sex 


Reagan Index 


Braak Stage 


1 


3 


85 


F 


Lx)w likelihbbcl of 
AD 


I/II 


2 


4 


87 


M 


Low likelihood of 
AD 


I/II 


3 


5 


88 


F 


Low likelihood of 
AD 


I/II 


4 


4.5 


78 


M 


High likelihood of 
AD 


V/VI 


5 


5.5 


62 


F 


High likelihood of 
AD 


V/VI 


6 


4.5 


64 


F 


High likelihood of 
AD 


V/VI 


7 


4.5 


74 


M 


High likelihood of 
AD 


V/VI 



The PKCi antibody showed one band at -79 kD in all regions tested. 
A faint, minor band at --SO kD was seen suggesting the presence of a small amomt 
of PKMi. The C-terminal antibody, ^-Cl, which detects both atypical forms, 
detected three bands at -55, -79 and -160 kD. These bands represent aPKM, aPKC 

45 



wo 2004/041212 



PCT/US2003/035231 



and an unidentified band respectively. The aPKC band was strongest in the 
cerebellum and weak in all other regions. The ^ specific antibody, ^-C2, which does 
not cross-react with i but reacts with both PKC^ and PKM^ detected major bands at 
-55 kD and -79 kD, and a minor band at -60 kD. The -79 kD band is PKC^ and 
was only present in the cerebellum. The 55 kD and 60 kD bands were seen in all 
regions tested. The N-terminal antibody, ^-Nl, which reacts only with ^ forms with 
a regulatory domain showed one strong unidentified band at —45 kD. There were no 
PKM or PKC forms seen with this antibody. 
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Example 7 

PKCy and PKCiA. but not PKM ^ decrease 
in the superior temporal cortex in AD 

To determine whether there are changes in the levels of aPKC, 
densitometric analysis of Western blots was done on total protein homogenates 
prepared from the superior temporal cortex derived from AD (n=4) and controls 
(n=3), PKCy was included for comparison. PKCy was significantly lower (p = 
0.03 1) in the AD samples (0.30 ± 0.07) than controls (0.79 ± 0.34) representing a 
63% decrease. There was a smaller, but statistically significant deorease in PKCt (p 
= 0.006) in AD (0 86 ± 0.08) versus controls (1.15 ± 0.08) representing a 25% 
decrease. In contrast, PKM^ was not significantiy different in AD (0.6? ± 0.39) 
versus controls (0.63 ± 0.22). See, Figure 4. 
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Example 8 
PKCiA. but not PKMC nor PKCy increase 
in the caudate nucleus in AD 

For comparison. Western blots were conducted on flie caudate 
nucleus. PKCy was not significantly changed in the AD samples (1 .44 =fc 
0.15) as compared to controls (1.24 db 0.10). There was a smaller, but 
statistically significant decrease in PKCi {p = 0.006) in AD (0.86 ± 0.08) 
versus controls (1.15 ± 0.08) representing a 25% decrease. In contrast, 
PKMC was not significantly diflferent in AD (0.69 ± 0.39) versus controls 
(0.63 ±0.22). See Figure 5. 
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Example 9 
Localization of aPKC in human brain 

To localize aPKC in human brain, immmiohistochemistry was done 
on paraf&n-embedded sections from control cases (n=2). 



Table 2: Summary of patient data (immvmohistochemistry) 


Case 


PMI 


Age 


Sex 


Dx 


1 


4.5 


82 


F 


AD 


2 


6.5 


86 


F 


AD 


3 


4.0 


72 


F 


AD 


4 


Na 


60 


F 


AD 


5 


Na 


83 


F 


AD 


6 


Na 


98 


M 


Braak Stage n 


7 


12 


47 


F - - 


control 



Staining with ^-Cl was evident in the perikarya of pyramidal cells, 
extending into proximal dendrites (Fig. 6B). Th^e was no neuronal nuclear 
staining. 

Staining was also observed in gUa. The c5^oplasm and nuclei of 
astrocytes in hippocampal area CA-4 stained strongly with Q-Cl indicating the 
presence of aPKC (Fig. 7B). PKCi/A. immunoreactivity in astrocytes was also 
observed in cortex (Fig. 7A). ^-C2 did not stain astrocytes. 

Ependymal cells also stained with ^-Cl (Fig. 8). Similar results were 
seen with ^-C2 and i/Xy indicating die presence of both C, and x/X forms in this cell 
type. 
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Example 10 

PKM ^ colocalizes with neurofibrillaiy tangles and Hirano bodies 

To examine chan^ in the distribution of aPKC in AD, sections of 
hippocampus &om patients (j3c=4) wifli neuropafhologically confimied AD were 
stained with aPKC antibodies. Despite hi^ staining in the neuropil, there was 
minimal x/A, immunoreactivity in NFTs (Fig. 9, top ri^t). In contrast, both C-Cl 
and C,-C2 strongly reacted with NFTs (Fig. 9, middle right and left). Silver stain 
confirms the presence of SPs and NFTs in this region. Neviropil threads, dystrophic 
neurites and SPs failed to label. Since neuropil threads and dystrophic neurites both 
contain PHFs, sections were pre-treated with citrate and formic acid to unmask the 
epitopes. Immunoreactivity in distrophic jieurites.and neuropil toads was seen 
after unmasking when stained with ^-Cl (Fig. 10). Silver stain from a non-adjacent 
section in the same region confirmed the presence of SPs. 

Strong staining was seen m HB with ^-Cl, C,-C2 and x/X. On H&E, 
the presence of HB was confiomed. See Figure 1 1 . 
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Exanqile 11 

The distribution of PKM^ correlates with that of a unique brain SNA 
encoding an independent ^ catalytic domain 

One explanation for the abundance of PKM^ in forebrain despite very 
low levels of PKC^ is that PKM^ is not a proteolytic product of PKC^. The C, gene 
produces two sets of RNAs: full-length PKC^ mRNA and an RNA referred to as C; 
figure 12A). The 3' end of ^ RNA consists of sequence for a partial C, regulatory 
domain and its complete hinge and catalytic domain, which are identical to that in PKC^ 
mRNA (Figure 12 A). The 5' end of C,* RNA, however, is unique sequence that lacks an 
AUG to initiate translation of the C, regulatory domain. The first AUG for an open 
reading frame (ORF) of the ^ sequence begins in its hinge (Figure 12 A). Therefore, the 
_ 4' RNA fian.expj^.s^KMC---To.dsteo5^ the disMbutions of the ^ RNAs 

correlate with tiie different ^ proteins, the expression of PKC^ mRNA and ^' was 
analyzed by RT-PCR, RNase protection, and Northern blot analysis (Figures 12A-12C). 

For reverse-transaiption polymerase chain reaction (RT-PCR), total 
RNA isolated from rat tissue was used to synthesize cDNA with the Superscript 
Preamplification System for First Strand cDNA Synthesis Kit (Gibco Invitrogen, Grand 
Island, NY). 200 ng of cDNA was used in 100 jil final volume PCSR. reactions. 
Amplified was for 34 cycles with 94 "C for 30 sec, 60 °C for 1 minutes, and 72 °C for 1 
minutes as cycle parameters, with a final step of 72 °C for 10 minutes. For 
amplification of PKC^ and PKM^ cDNAs, specific forward primers were F S'- 
CCATGCCCAGCAGGACCACC-S' (SEQ ID NO: 12) and F 5'- 
CCTTCTATTAGATGCCTGCTCTCC-3' (SEQ ID NO: 13), respectively, and R 5'- 
TGAAGGAAGGTCTACACCATCGTTC-3' (SEQ ID NO: 14), was the reverse primer 
for both. As a control we used GAPDH primers, F 5'-ACATGGTCTACATGTTCC-3 ' 
(SEQ ID NO: 15) and R 5»-CAGATCCACAACGGAATAC-3' (SEQ ID NO: 16). 

Using specific forward primers that distinguish between the two C, RNAs, 
RT-PCR analysis showed abundant expression of C in brain, but not in non-neural 
tissues (Figure 12A), in accordance with the distribution of PKM^ Only with a higher 
nximber of PCR cycles could a small amount of RNA be detected in kidney (data not 
shown), hi contrast, PKC^ mRNA was expressed in kidney, lung, testis, and 
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cerebelliim, but not in neocortex or hippocampus (Figure 12A). This distribution 
correlates with the expression of PKC^. 

These findings by RNase protection were qxiantified using an antisense 
probe that protects a 345 nucleotide fragment of PKC^ mRNA and a 202 nucleotide 
firagment of ^' RNA (Figure 12B). Confirming the RT-PCR, the RNase protection 
product of ^' RNA was found only in brain, whereas the protection product of the PKC^ 
mRNA was observed in kidney, lung, testis, and cerebellum, but not in neocortex or 
hippocampus (Figure 12B). The relative levels of PKC^ mRNA and ^* RNA were 
examined by comparing them to mRNA for the housekeeping rat acidic ribosomal 
protein (RARP, Figure 12B, center and bottom). The expression of RNA in brain 
was higher than that of PKC^ mRNA in any of the tissues examined. 

For Northern blot, total RNA from rat tissue (30 ug) was 
electrpphoresed and transferred to .nitrocelliilose, rinsed,, and Uy cross-linked.. - 
Digestion of rat cDNAs with EcoRI-SphI and KpnI-EcoRI gave a 457 bp and 227 bp 
specific fragment for PKC^ and PKMgrespectively. The firagments were radiolabeled 
with ^^P using a Stratagene random octamer protocol (Stratagene Cloning Systems, La 
Jolla, CA). Hybridization conditions were performed according to instructions for 
Stratagene QuickHyb Hybridization, Blots were developed ovemigjht by film exposure 
at -70 °C or by Phosphorhnager (Molecular Dynamics Storm 860 gel and blot imaging 
system, Amersham Pharmacia Biotech, Piscataway, NJ). The sizes of the ^' RNA and 
PKC^ mRNAs in different brain regions and kidney were then determined by Northern 
blot, using probes specific to their unique 5* ends (Figure 12C). The Q RNA was 
expressed as a 2.3 kb and 4.7 kb species in brain, but not kidney (Figure 12C). PKC^ 
mRNA was expressed as a 2.5 kb and minor 4.8 kb species in kidney and cerebellum, 
but not in neocortex or hippocampus (Figure 12C). These sizes were sianilar to those 
previously reported. 
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EXAMPLE 12 

In all brains, wheflier those of neurologically normal individuals or 
those of patients with neurodegenerative diseases, the PKCi/X antibody showed 
widespread weak, fine granular labeling of neuronal cell bodies and neuropil in 
cortex, subcortical gray matter, brainstem and cerebellum (Fig. 14a). The antibody 
consistently labeled ependymal cells and choroid plexus epithelial cells, but glial 
cells were immunonegative (data not shown). 

In AD, the ?KCi/X antibody strongly Isibeled a subset of NFTs in 
hippocampal pyramidal cells and neocortical neurons (Fig. 14b) as well as most 
Hirano bodies in CAl of the hippocampus (Fig. 14c). PKCi/^-positive NFTs 
generally exhibited classic flame-shaped configurations. Interestingly, while * early* 
perinuclear tangles were also labeled, the more advanced 'ghost* or 'extracellular' 
tangles failed to label. Neuropil threads, amyloid plaq^es and grmulo 
bodies in hippocampal nexirons were generally inraiunonegative. 

The PKCi/X antibody uniformly labeled Pick bodies and occasional 
Pick cells in neurons of hippocampal dentate gyrus and neocortex of PiD (Fig. 14d). 
In cases of PSP, the antibody labeled globose tangles and tufted astrocytes in the 
subthalamic, mesencephalic, inferior olivary and cerebellar dentate nuclei (Figs. 
14e-14f). In CBD, ballooned neurons, tau-immunoreactive astrocytic inclusions in 
cerebral cortex, as well as neuronal and glial inclusions in the basal ganglia were 
immunopositive (Figs, 14g-14h). 

In the a-synucleinopathies, the PKCt/A, antibody strongly labeled all 
classic Lewy bodies found in the substantia nigra as well as the majority of Lewy 
bodies in cerebral cortex and amygdala in PD and DLB (Figs. 14i-14j). Lewy 
neurites in amygdala, hippocampal CA2/3 or midbrain were labeled only rarely. 
The fKCi/X antibody also labeled some glial a-synuclein-positive inclusions in 
MSA (Fig. 14k). Omission of the primary antibody resulted in no immunolabeling 
of any of these structures (Fig. 141). 
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EXAMPLE 13 

Single nucleotide polymorphisms were identified in the PKC^ and 
PKCi/X genes (SEQ ID NOs: 6 and 7 respectively). The sequences obtained using 
the genome browser (UCSC, CA) and examined for SNPs from clone overlaps and 
SNPs from random reads. SNPs identified in the PKC^ and PKCi/A. g^es are 
indicated in the sequence in bold letters. For reference, exons are indicated in capital 
letters. 
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